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These significant test results were obtained by a widely-known 
independent research laboratory on gray iron automotive cast- 
ings, including brake drums, gears and transmission housings 
produced by a large Southern foundry, using untreated and 
FERROCARBO-treated iron of identical chemistry. 









































Chemical Analyses Untreated Dergonertas® 
Tc 3.55 3.54 
Si 2.42 2.38 
Mn 0.91 0.54 
Ss 0.09 0.10 
P 0.27 0.25 
cE 4.36 4.33 
Cutting Speed (ft./min.) 315 315 
Feed (in. /rev.) .009 .009 
Depth of Cut (in.) 062 .062 
Wear Land (in.) .010 .010 
Vol. of metal removed (cu. in.) 19.4 33.7 
Percent improvement 73.8% 
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* Surface Machinability 


Improvement 


Tool wear tests were conducted with a single point “Carboloy” grade 44A tool on castings 
machined at commercial speeds. Flank wear was measured with a 20 power microscope. 











PROGRESSIVE FOUNDRYMEN specify FERROCARBO Bri- 
quettes by CARBORUNDUM as a cupola additive because of the 
assured higher yields of dense, more machinable castings and 
improved cupola operations. They have found that FERRO- 
CARBO deoxidizes iron more completely than any other 
commercially practicable method and provides a means of 
producing sound castings at low cost with exceptional 
strength and hardness properties. Even castings of thin or 


ELECTRO MINERALS D/V/ISION 


REGISTERED TR 


FERROCARBO DISTRIBUTORS —KERCHNER, MARSHALL & COMPANY, //77S8URGH + Cleveland + Buffalo + Detroit 


complicated sections can be produced with absence of seg- 
regation, thus increasing the machinability factor of the 
iron. Numerous critical tests have proved conclusively that 
FERROCARBO deoxidation means sound castings in the foundry 


and better machining in the machine shop. 


WRITE FOR MORE INFORMATION on how FERROCARBO 


produces more machinable iron regardless of metal composition. Ask 
for booklet A-1409, Electro Minerals Division, The Carborundum 


Company, Niagara Falls, New York. 


ADEMARK 


Philadelphia « Birmingham « Los Angeles « Canada 
MILLER AND COMPANY, CH/CAGO + St Louis + Cincinnati 
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JUNE 


1-6 . . Columbia University, Industrial 
Research Conference. Arden House, Co- 
lumbia University, New York. 


3 . . Metallurgical Associates, Inc., 
Sales Clinic. Sheraton-Syracuse Inn, Syra- 
cuse, N. Y. 


4-5 . . Magnesium Association, Sympo- 
sium. Aeronautical Sciences Bldg., Los 
Angeles. Given jointly with Society of 
Aircraft Materials and Process Engineers. 


5. . AFS Division Meetings, Executive 
and Program & Papers Committees, An- 
nual Review. Sherman Hotel, Chicago. 


6. . AFS Technical Council, Annual 
Meeting. Sherman Hotel, Chicago. 


9-10 . . Malleable Founders’ Society, 
Annual Meeting. The Homestead, Hot 
Springs, Va. 


9-12 . . American Society of Mechani- 
cal Engineers, National Materials Han- 
dling Conference. Public Auditorium, 
Cleveland. Held in conjunction with 
Materials Handling Exposition. 


9-12 . . Microscopy Symposium. Del 
Prado Hotel, Chicago. 


9-13 . . International Automation Exposi- 
tion & Congress, Coliseum, New York. 


12-13 . . AFS 15th Annual Chapter 
Officers Conference. Hotel Sherman, Chi- 
cago. 


15-19 . . American Society of Mechani- 
cal Engineers, Semi-annual Meeting. 
Statler Hotel, Detroit. 


17-20 . . Cornell University, Industrial 
Engineering Seminar. Cornell University, 
Ithaca, N. Y. 


18-28 . . Iron and Steel Institute, Inter- 
national Meeting. Belgium and Luxem- 
burg. 


19-21 . . AFS 3d Annual Foundry In- 
structors Seminar. Case Institute of Tech- 
nology, Cleveland. 


21-24 . . Alloy Casting Institute, Annual 
Meeting. The Homestead, Hot Springs, 
Va. 


22-27 . . American Society for Testing 
Materials, 61st Annual Meeting. Hotel 
Statler, Boston. 


23-25 . . Investment Casting Institute, 
Spring Meeting, Occidental Hotel, Mus- 
kegon, Mich. 


JULY 


21 .. AFS T&RI Trustees, Annual Meet- 
ing. Union League Club, Chicago. 











22-23 . . AFS Finance Committee, An- 
nual Meeting. Union League Club, Chi- 


cago. 


AUGUST 


7 ..AFS Executive Committee, Special 
Meeting. Sherman Hotel, Chicago. 


7-8 . . AFS Board of Directors, Annual 
Meeting. Sherman Hotel, Chicago. 


SEPTEMBER 


10-11 . . American Die Casting Insti- 
tute, Annual Meeting. Edgewater Beach 
Hotel, Chicago. 


22-23 . . Steel Founders’ Society of 
America, Fall Meeting. The Homestead, 
Hot Springs, Va. 


23-26 . . Association of Iron and Steel 
Engineers, Exposition. Public Auditor- 
ium, Cleveland. 


29-Oct. 3 . . Association Technique de 
Fonderie de Belgique, 25th Internation- 
al Foundry Congress. Brussels and Liege, 
Belgium. 


OCTOBER 


6-8 . . National Association of Corro- 
sion Engineers, Annual Meeting, North- 
east Regional Division. Somerset Hotel, 
Boston. 


8-10 . . Gray Iron Founders’ Society, 
Annual Meeting. Sheraton Park Hotel, 
Washington, D. C. 


15-16 . . AFS Michigan Regional 
Foundry Conference. University of Mich- 
igan, Ann Arbor, Mich. 


16-17 . . AFS All Canadian Regional 
Foundry Conference. Royal Connaught 
Hotel, Hamilton, Ont. 


16-18 . . Foundry Equipment Manufac- 
turers Association, Annual Meeting. The 
Greenbrier, White Sulphur Springs, W. 
Va. 


17-18 . . AFS New England Regional 
Foundry Conference. Massachusetts In- 
stitute of Technology, Cambridge, Mass. 


27-31 . . American Society for Metals, 
National Metals Exposition & Congress. 
Public Auditorium, Cleveland. 


30-31 . . AFS Purdue Metals Casting 
Conference. Purdue University, Lafay- 
ette, Ind. 


31-Nov. 1 . . AFS Northwest Regional 
Foundry Conference. Multnomah Hotel, 
Portland, Ore. 


NOVEMBER 


10-12 . . Steel Founders’ Society of 
America, 13th Technical & Operating 
Conference. Carter Hotel, Cleveland. 





BETTER.. CLEANER CASTINGS... 


AND MORE OF THEM 


WITH 


DELTA CORE AND MOLD WASHES 


| 
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YS 


a TOLERANCE 


: cores and molds have better dimen- 
sional stability .. . 








CLEANING ROOM COSTS 


- surfaces are smooth and require a mini- 
mum amount of cleaning . . . 








on Delta Foundry Products will be sent to 
you on request for test purposes in your 
own foundry. 


We 


DELTA OIL PRODUCTS CORP. MILWAUKEE 9, 


MANUFACTURERS OF SCIENTIFICALLY CONTROLLED FOUNDRY PRODUCTS WISCONSIN 


Working samples and complete literature rs A 





+ «+ greater number of perfect castings. 


ALL DELTA CORE AND MOLD WASHES 
are easy to apply. After proper mixing they remain 
in suspension indefinitely. In use, they are non- 
reactive with molten metal ... liberate no gases and 
are highly refractory. 

There is a DELTA WASH for every type of 
metal casting. 
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COMPLETE SHELL FACILITIES 










MOLDS— Newest production methods, latest 
equipment combine to produce high precision, 
low cost shelis on quantity basis. 





















TRADE MARK 
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minute’ precision production team. For fast service, fine dimensional accuracy and 











low over-all cost on small and medium size non- 














ferrous castings, look to City Pattern Foundry & 








Machine Company. Here you'll find, too, all the 











additional facilities . . . a complete, modern 








pattern shop, foundry, metallurgical laboratory 





and machine shop ... that are required to provide 











an all inclusive service on top quality shell 








process castings. 

















City Pattern Foundry & Machine Company's 








experience in the shell process dates back ten 








years. As a result, here are shell facilities you 
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delighted to discuss your needs with you in detail. 





last -abé ie Mile Miallcislhda -lol*l-lales ai lalei*londlols Mba igal- lott 





Why not call or write today. 
































CITY PATTERN 


FOUNDRY AND MACHINE 











1161 HARPER AVENUE + DETROIT 11, MICH. 








PHONE: TRinity 4-2000 
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AFS Director, A. W. Pirrie, 
Dies at Castings Congress 
@ Alex W. Pirrie, 53, vice-president 
of manufacturing, American Standard 
Products (Canada) Ltd., Toronto, On- 
tario, died May 22 while attending 
the AFS Castings Congress and Foun- 
dry Show in Cleveland. He had pre- 
sided at the Convention’s Canadian 
Dinner held in the Hotel Cleveland, 
May 20, and was seated at the speak- 


A. W. Pirrie 


ers table at annual banquet, May 21. 

Pirrie was elected to the AFS board 
of directors in 1956, and was former- 
ly chairman, program chairman and 
director of the AFS Ontario Chapter. 


Earns Apprenticeship 


Born in Montreal, Quebec, Pirrie 
served his patternmaker and drafts- 
man apprenticeship at the Canadian 
National Railways, Montreal, from 
1921 to 1927. He then worked as 
patternmaker for that firm and for the 
Crane Co., Montreal, advancing to 
positions of foundry foreman and 
plant engineer for the Warden King 
Co., Montreal, in 1937. 

Pirrie joined the Gurney Foundry, 
Montreal, in 1937, working as pattern 
and design foreman, foundry super- 
intendent and assistant plant super- 
intendent. In 1941, he accepted em- 
ployment with Electric Steels, Ltd., 
Three Rivers, Quebec, as master me- 
chanic. He also held the positions of 
plant superintendent and plant man- 
ager for that firm, returning to the 
Gurney Foundry in 1945 as plant 
manager. 

In 1951 he joined the staff of the 
company for which he worked at the 
time of his death, then called Stand- 
ard Sanitary & Dominion Radiator, 
Ltd., Toronto. He served as plant 
manager until 1954; general manager, 
manufacturing, in 1954; and was 
named vice-president, manufacturing, 


in 1955. 
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Most Foundry Noises Can 
Be Controlled at Source 


@ Control foundry noises at their 
source! This is the best way to tackl 
the excessive noise problem when 
such control does not interfere with 
normal operations. 

Noise levels from compressed ait 
exhausts usually exceed design base- 
line values. Simple mufflers will re- 
duce the loudness effect of this type 
of noise approximately ten-fold. Air 
used to blow off molds creates high- 
frequency noise. Simple silencing de- 
vices may be made and _ attached 
to the exhaust. 


impact Noise 


The noise of castings falling on 
steel plates, hoppers, stock boxes or 
conveyors is a familiar source of dis- 
comfort in the foundry. The greater 
the fall, the louder the noise; there- 
fore, decrease the distance that cast- 
ings must be dropped. If this is im- 
practicable, impact noise may be 
considerably reduced by laminating 
steel plates, hoppers, etc. 

Wooden and rubber linings are 
sometimes effective, but are usually 
not as acceptable as lamination. Rub- 
ber linings may “bounce” a _ small 
casting, possibly injuring another 
worker. Wooden linings may splin- 
ter and may become oil-soaked, creat- 
ing a fire hazard. Then too, rapid 
wear is a primary disadvantage of 
these two systems. 

Tumbling operation for cleaning 
castings is inherently a noisy one. 
However, bolting a liner of resitient 
rubber with steel backing to the 
inside of tumbler will greatly reduce 
noise. Experience with this system 
by a foundry employing 10 liner- 
equipped tumblers shows little or no 
wear after one year's service. 


Soundproof Booth 

The noise generating machine may 
be enclosed in a soundproof booth, 
but when this is attempted, care 
must be taken that excessive heating 
does not cause damage to bearings 
and moving parts. Provision for venti- 
lating air may be necessary. Complete 
enclosure results in considerable noise 
reduction. 

Shakeout noise can, in some cases, 
be controlled by enclosure. One small 
foundry has enclosed a shakeout for 
brass and bronze plumbing fittings 
with fairly good results. Since the 
shakeout is continuously fed by con- 
veyor at one end and unloaded by 
hand at the other, openings are nec- 
essary at both ends. These are as 
small as possible and fitted with cur- 
tains of heavy rubberized canvas. 


4 + modern castings 





































































On the pouring floor of the No. 2 Foundry Unit at Sparta, twenty conveyor lines are poured by 3 ladles 


At Sparta Foundry—I million piston rings a day 
prove the quality of HANNA PIG IRON 


Sparta Foundry Company, a division of Muskegon Piston Ring Company, in Sparta, Michi- 
ay can cast a to 1,000,000 piston rings in a single day. Since 1926, it has produced over 
three billion rings. In castings for piston rings, which will be ground to a close tolerance, 
Sparta Foundry demands a strong, fine-grained iron with uniform microstructure. For pig 
iron sure to produce this quality, Sparta Foundry has relied on Hanna for more than 30 years. 


ig i i i All are 
Hanna makes all regular grades of pig iron, plus HannaTite and Hanna Silvery. 
available in two sizes—the 38-pound pig and the smaller HannaTen ingot. Your Hanna 
representative will be glad to tell you more about the advantages of using Hanna pig iron. 
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Sparta’s operation accents both quality and quantity 


This flow chart shows the multiplicity of Sparta’s continuous production lines. Twenty molding obituaries 
machines, twenty continuous conveyors, and multiple shakeout stations are part of the operation. | 





James W. Wolfe, 66, former executive 


MOLDING MACHINE AREA secretary, Non-Ferrous Founders’ So- 


ciety, Inc., Evanston, Ill., died April 
(4444446444444646464¢ 29, He had been retired from OF 
ad |i F.S. service since 1956, making his 
“| T | | 
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| | | | | home in Cassville, Mo. 

| || | ' Wolfe managed foundries in the 

Bap Pag || POURING AREA Midwest and headed an association 
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SHAKEOUT AREA 
J. W. Wolfe 





veled the country strengthening the 
membership and organizing chapters, 
and was named secretary-treasurer in 
1947. He established the Society’s 
first national office in Chicago. 


Stevens H. Hammond, 47, chairman 
of the board, Whiting Corp., Harvey, 
Ill., died April 28 in Chino, Calif., 
where he had moved from Chicago 
five years ago. He had been associat- 





1. Sparta’s No. 2 battery of 20 molding machines. From 2. From pouring floor, conveyors take castings to shakeout. 
i a _. here, conveyors carry the completed molds to the pouring floor. After shakeout, piston rings are removed from the “tree.” 


THE HANNA FURNACE CORPORATION 


Buffalo « Detroit « New York « Philadelphia 
Merchant Pig Iron Division of 


NATIONAL STEEL wile CORPORATION 





S. H. Hammond 


ed with the corporation, which man- 
ufactures heavy machinery, since 
1923 when he worked as office boy 
during summer vacations. 

He was elected president in 1945 
and chairman of the board in 1951. 
Hammond held a membership in the 
AFS Chicago Chapter. 





3. Uniformity and quality are carefully checked in the Sparta 
laboratories with instruments like this latest Metallograph. 
Circle No. 184, Page 7-8 
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better chilled 
iron abrasives 
»»and why 


We have specialized in the manufacture of metal abrasives since 1888. 
We have “grown up” with their expanding use. Such long contact 
with their production and use has given us unequalled know-how 
and experience in their manufacture. 


A continuous program of research for the improvement of metal 
abrasives has been carried on with one of America’s foremost metals 
research organizations since 1937. 


We employ the most modern techniques in melting and neg 
to produce metal abrasives to exacting standards of chemistry, hard- 
ness, toughness and uniformity of these elements from one lot to 
another. It is more than significant that the two largest manufacturers 
of blast-cleaning equipment in the world sell and recommend Samson 
Shot and Angular Grit for best results in their equipment. 


MALLEABRASIVE 
Shot and Grit 


















LEADERS in development of 
PREMIUM-TYPE ABRASIVES 


The two best known names in premium 
abrasives were developments of two of our 
subsidiaries. MALLEABRASIVE, the first 
malleablized type of metal abrasive ever pro- 
duced, set the pace for development of all 
other makes of premium abrasives. TRU- 
STEEL Shot was the first high-carbon all 
steel shot produced to meet demand for this 
spectitined one of abrasive. 


One of these products may do your blast-cleanin, 
job better, and at lower cost. Write us for full 
information. 


TRU-STEEL 
Shot 


PITTSBURGH CRUSHED STEEL CO. 


Arsenal Sta., Pittsburgh 1, Pa. 


Subsidiaries: - 
The Globe Steel Abrasive Co., Mansfield, O. (Malleabrasive) 
Steel Shot Producers, Inc., Arsenal Sta., Pittsburgh (Tru-Steel) 
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IRON MELTING STOCK .. . avail- 
able in 3-lb briquettes as a raw ma- 
terial for quality steel production 
primarily in acid open hearths, in- 
duction furnaces and basic electric 
furnaces. The metallic product is re- 
duced from iron ore at such a low 
temperature that melting of iron or 
gangue constituents has not taken 
place. It reportedly is free of tramp 
elements and dissolved gases and is 
claimed to have uniform analysis. 
Hoeganaes Sponge Iron Corp. 


For Manufacturer's Information 
Circle No. 31, Page 7-8 


SHELL MOLDING .. . magnesium 
silicate refractory is said to assure 
smooth casting surface of steel cast- 
ings cast by resin-bonded shell mold- 
ing. Manufacturer claims material 
inhibits imperfections from gas blow 
by rapidly chilling surface skin of the 
metal plus developing sufficient 
strength to resist outside gas pressure 
as well as inside ferrostatic pressure. 
Harbison-Walker Refractories Co. 


For Manufacturer's Information 
Circle No. 32, Page 7-8 


ALUMINUM SOLDER ... . reported 
to have exceptional wetting properties 
on both cast and wrought aluminum 
alloys, and to be tested for corrosion 
resistance, tensile strength and ease 
of application. Solder penetrates alum- 
inum oxide when drawn over heated 
aluminum surface, effecting chemical 
bond claimed to be stronger than 
base metal. Officials state that joints 
last permanently in normal or pro- 
tected environments, and that gal- 
vanic corrosion is not a problem. 
United Welding Service Co. 


For Manufacturer's Information 
Circle No. 33, Page 7-8 


FRONT-END LOADER .. . rubber- 
tired, with rated carrying capacity of 
2500 lb, is said to add new capacity 
and handling ease to front-end loader 
operation. Power-steering combined 
with a short turning radius of 6 ft 
contribute to increased maneuvera- 
bility; operates in and out of boxcars 
with 6-ft doors. Power-shift transmis- 
sion is full-reversing and has two 


Build an idea file for plant improvements. 
The post-free cards on page 7-8 
will bring more information on these new . . . 


speeds. Offered with choice of gaso- 
line, diesel or liquified petroleum gas 
power. Interchangeable front-end at- 
tachments include pick-up sweepers, 
hydraulic grab devices, crane hook, 
tine buckets, scrap buckets and blade 
snow plows. Triple air cleaning sys- 
tem affords engine protection against 
dust and dirt. Filtered hydraulic sys- 
tem features replaceable _ oil-filter 
cartridge. Company officials state that 
fuel tank capacity permits full 8-hr 
operation. Buckets available in several 
sizes. Frank G. Hough Co. 


For Manufacturer's Information 
Circle No. 34, Page 7-8 


FLEXIBLE MOLD JACKET 

claimed to assume exact shape of 
mold and to automatically adjust to 
mold taper by means of pivot-pin 
arrangement at each of four corners. 
Replacing corner pins with pins of 
smaller or larger diameter changes fit 
of mold in relation to parting line. 





This feature also permits adjustment 
of jacket to fit either slip or “pop-off” 
molds. Cast of aluminum and iron in 
all sizes. Optional equipment includes 
filleted corner inserts and steel corner 


protection shields. Hines Flask Co. 


For Manufacturer's Information 
Circle No. 35, Page 7-8 


CASTING EPOXY . . . developed 
especially for making core driers for 
use in dielectric ovens. Said to elimi- 
nate need for expensive driers; easy 


to cast. Houghton Laboratories. 


For Manufacturer's Information 
Circle No. 36, Page 7-8 


COz SAND MIXER .... said to cut 
mixing time in half. Works equally 
well with all core binders; will not 
heat, crush or ball sand. Portable or 
fixed, unit is easily cleaned. Core sand 












IT TAKES TWO 


1 
2 


It takes two steps to be fully and 
completely informed. of the activi- 
ties and developments of the metal- 
casting industry. 

A subscription to modern cast- 
ings is necessary because modern 
castings is the official publication of 
the industry. News and details of 
important advances appear first in 
modern castings. If you don’t now 
receive modern castings regularly, 
use the card above to order a sub- 
scription. 

These Reader Service Cards must 
also be used to maintain a file of 
manufacturer's information on prod- 
ucts and processes. Circle the num- 
bers on the cards to receive this 
literature. You may also receive 
copies of feature and special articles 
in this issue by circling the letters 
on the cards. 


. A subscription to modern castings 
. A Reader Service Card 
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Indianapolis 500 proves it; 


Silky Sullivan confirms it: 


THE RACE GOES 
TO THE SWIFTEST 


Don’t be left at the post—subscribe to modern castings 


Take the short route around the track—be on the inside and out front by 
using these Reader Service Cards 


8 + modern castings 











@ Details on these products and proc- 
esses are available to MODERN CAST- 
INGS readers. See page 7-8. 





mixer is one of lowest priced in in- 
dustry, according to the manufacturer. 
Model illustrated has 2 cu ft capacity, 
mixing over 100 lb core sand per load. 
U. S. Forge & Foundry Co. 


For Manufacturer's Information 
Circle No. 37, Page 7-8 


HEAVY DUTY FORK TRUCK ... 
with working capacity of 30,000 Ib 
at all operating speeds for handling 
materials in unpaved yard areas and 
plants. Forks can be hydraulically ex- 
tended four feet forward at any mast 
height, and tilt independent of mast 
15 deg upward, and 73 deg down. 





Attachments include slip-on buckets, 
scoop buckets, dozer blade and snow 
thrower. Pettibone Mulliken Corp. 


For Manufacturer's information 
Circle No. 38, Page 7-8 


COLD COATING RESIN 

claimed by manufacturer to combine 
medium curing speed, superior warp 
resistance and high dimensional sta- 
bility in cold coating of sand for shell 
cores and contour shell molds. Offi- 
cials state resin imparts high strength 
characteristics with good shakeout 
properties. Archer-Daniels-Midland 
Co., Federal Foundry Supply Div. 


For Manufacturer's Information 
Circle No. 39, Page 7-8 


CHEMICAL JOINING .. . of non- 
ferrous metals made by permanent 
chemical bond through ion exchange. 
New material is said to reduce present 
joining costs 50-300 per cent. May be 
used in manual or mechanized opera- 


tions. Intertectics, Inc. 


For Manufacturer's Information 
Circle No. 40, Page 7-8 


SUPER PURE ALUMINUM ... 
available in ingot form. Purity of 99 
per cent may be obtained in 6, 15, 
30 and 50-lb sizes. This product has 
not been generally available to in- 





Circle No. 186, Page 7-8 * 











Chevrolet 
CORVETTE 


WIN YOUR CHOICE 
IN NEW 


4-passenger 
THUNDERBIRD 








PANGBORN CONTEST 


Celebrating the successful 





FOLLOW THESE 


SIMPLE RULES: 





1, Anyone employed by a company using blast 
cleaning equipment is eligible for this contest, 
except employees of Pangborn Corporation, its 
agencies or affiliates. 


2. Check Rotobiast Stee! Shot ad in this issue for answers 
and fill in missing words on the Official Entry Blank. 


3. Sign your entry and mail to Pangborn Corporation, 
Hagerstown, Md. Entries must be postmarked not 
later than the 4th of July, 1958. 


4. All entries with correct answers will be deposited 
in a container from which the lucky winner will be 
drawn and awarded his choice of Ford Thunderbird, 
Chevrolet Corvette or Plymouth Fury. 





Pangborn 


~-------------_-____---_-_--- go 
OFFICIAL ENTRY BLANK sy 


PANGBORN CORPORATION, Hagerstown 13, Maryland 


In new ROTOBLAST STEEL SHOT, voids and defects are virtually eliminated 
by a new shot manufacturing process called Casting. 





Continuous heat treating in a controlled atmosphere gives you 





hardness and _______ life. Result: faster cleaning and lowest blast cleaning 
costs ever. 





















Famous CORNELL cupora riux 
metal you want 





often imitated 


but never equalled! 





Aaue you tuied Famous Cornell 
YMuminum or Brass Flur 7 
Write for Culletin G6 - 4 





Ze CLEVELAND FLUX Goenpany 


1026-40 MAIN AVENUE, N.W. ¢ CLEVELAND 13, OHIO 
Manufacturers of Iron, Semi-Steel, Malleable, Brass, 
Bronze, Aluminum and Ladle Fluxes—Since 1918 


modern castings 


Circle Ne. 187, Page 7-8 


















dustry in ingot form. Kaiser Alumi- 


num & Chemical Sales, Inc. 


For Manufacturer's Informatien 
Circle No. 41, Page 7-8 


MOTORS FOR OUTDOOR OPERA- 
TION .. . under extreme weather 
conditions such as high winds, driv- 
ing rain, snow, sleet, and sandstorms; 
said to prevent entrance of wind- 
borne particles and moisture by 
abruptly changing direction and slow- 
ing velocity of incoming airstream. 
Features moisture and chemical re- 
sistant insulation and inspection ports 
for observing oil rings while motor is 
operating. Louis Allis Co. 


For Manufacturer's Information 
Circle No. 42, Page 7-8 


BOLT-ANCHORING CEMENT .. . 
sets in 10 min. Bolts, according to 
manufacturer, can be drawn tight 
and light machinery put in operation 
within a half hour; heavy equipment, 
one hour. The company reports that 
this improved product has a strength 
10 times that of ordinary powder or 
holding cement while expansion 
factor has remained comparable. Mix- 
es with water to form semi-fluid, easi- 
ly-poured compound. Monroe Co. 


For Manufacturer's Information 
Circle No. 43, Page 7-8 


GATE TILES . . . with matching tees 
and elbows claimed to withstand 
temperatures involved in pouring steel 
castings. Tests substantiate effective- 
ness in preventing erosion of gates. 
The hard, dense-surfaced tiles are 
available in sizes ranging from 3/4 to 
3-1/2 in. inside dia, and in all popular 
lengths. Standard size tees and elbows 
fit 1-1/2 to 3-in. tile. Louthan Mfg. 
Co. 


For Manufacturer's Information 
Circle No. 44, Page 7-8 


NEW METAL ABRASIVE 

claimed to compare favorably with 
regular steel shot in performance, but 
to sell at a price approximating mal- 
leable shot. Cleaning costs are lower 
than that of other abrasives, manu- 
facturer claims. Manufactured as shot 
and grit to S.A.E. specifications, avail- 
able in 50 and 100-lb bags. Free la- 
boratory tests offered, or sample will 


be sent on request. Metal Blast, Inc. 
For Manufacturer's Information 
Circle No. 45, Page 7-8 


PROTECTIVE FLOOR ENAMEL 
. . . for use on volume-traffic wood 
and concrete floors contains synthetic 
resin base reputed to withstand scuff- 
ing, pounding and abrasive action of 
heaviest foot traffic. Claimed to pre- 
vent dusting of concrete floors and 
dirt accumulation in porous wood 
floors. Manufacturer states enamel re- 
sists oils, greases, solvents and mild 
industrial acids, and is unaffected by 
strong caustic cleansers and heavy- 







































You have never used abrasive 
like this new 


ROTOGLAST 





@ Details on these products and proc- 
esses are available to MODERN CAST- 
INGS readers. See page 7-8. 





duty floor-cleaning machines. Avail- 
able in five colors, dries overnight. 
Garland Co. 


For Manufacturer's Information 
Circle No. 46, Page 7-8 


MELTING-HOLDING FURNACES 

. may be used for die casting, per- 
manent mold casting and sand cast- 
ing. Manufacturer claims return scrap 
may be charged back on sloping 
hearth, eliminating contamination of 
furnace with inserts. Fully automatic 











furnace contains bridged, ladle-out 
well. Radiant roof heating reduces 
melt loss. Available in 1200-5000-Ib 


capacities of aluminum. Sunbeam e 
Corp., Industrial Furnace Div. qcu U iti Continuous 
For Manufacturer's Information 


e 
SAND RAMMING TIPS .. . and + Heat Treating 
liners offer a combination of impact Castin e 
strength, abrasion resistance and hard- in Controlled Atmosphere 


ness which manufacturer states cuts 


Circle No. 47, Page 7-8 





= pan operating se se and Electric furnace alloy steel, shotted in revolutionary Nothing like it in the industry. Uniform heating of 
iners employ a new alloy steel guar- . : ° . . 7 
wn é ™ nai gs en pb cael new vacuum chamber for greater density, eliminating every particle, in zero oxygen atmosphere. For the 

antee ; , “4 ‘es Ss . . . . . . : . 

ton of sand rammed. Beardsley & the voids and defects encountered in conventional first time ... ball bearing heat treating quality in a 
; Piper Div., Pettibone Mulliken Corp. steel shot. Gives you a fatigue resisting shot of much tonnage product .. . gives you uniform hardness and 

For Manufacturer's Information i ey 
Circle No. 48, Page 7-8 longer wear life. longer life. 


VERSATILE GAGE .. . sets angles, 
locates centers and levels surfaces, 


reportedly combining three basic ma- New Rotoblast Steel Shot gives you much faster cleaning 


chinist’s tools in one; angle gage, cen- . 
tering-head and level. Manufacturer | @ind the lowest blast cleaning cost ever! 
claims this tool does the work up to 
600 per cent faster, leaving both 
hands free for adjusting. Useful in lev- 
eling machinery, grinding and weld- 
ing. Brite-Line Corp. 


For Manufacturer's Information 
Circle No. 49, Page 7-8 


Schedule an early test! Talk to the Pangborn Engineer in your area or 
write PANGBORN CORP., 1300 Pangborn Blvd., Hagerstown, Md. 


Pangborn 


COMPRESSED AIR PURIFIER ... 
is claimed to result in more complete 
removal of water, oil, pipe scale, rust 
and sediment from compressed _ air, 
steam or vapor lines. Useful in de- 
livering clean compressed air for 












Circle No. 188, Page 7-8 a 








molding and sand blast machines, air 
drills, etc. No moving parts to get 
out of order or require adjustment 
or maintenance. 

Company guarantees removal of 99 
per cent of all entrainment when 
properly installed. Built to give non- 
shock service for steam up to 400 psi, 
650 F; and for compressed air up to 
800 psi and 100 F. Centrifix Corp. 


For Manufacturer's Information 
Circle No. 50, Page 7-8 


NEW FRONT-END LOADER ... 
said to offer exceptional maneuver- 
ability, easy operation, and good ver- 
satility for intra-plant bulk materials 





handling. Rated payload capacity, 19 
cu ft; struck capacity of the bucket, 
14 cu ft; and maximum lifting load, 
3000 lb. Foot-brake operates an “inch- 
ing” valve, permitting easing into the 
restricted areas. Speeds range up to 
11 mph forward or reverse. Average 
over-all operating height, averages 6 
ft, 9 in. Euclid Div., General Motors 
Corp 
For Manufacturer's Information 
Circle No. 51, Page 7-8 


HOT SAND COOLING ... unit cools 
sand by mixing moisture additions 
with shakeout sand continuously on 
conveyor belt, drawing off heat 
through top exhaust while thoroughly 
blending and fluffing sand. Manufac- 
turer claims 200 F sand is reduced 





to 140 F at discharge of unit with 
additional cooling in transit by direct 
transfer of heat to air. All capacities 
available; can be mounted, complete- 
ly assembled, on conveyor belt with- 
out alterations. Pekay Machine & 
Engineering Co. 


For Manufacturer's Information 
Circle No. 52, Page 7-8 
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HERMAN 
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The flexibility of the jolt, squeeze, strip machine, makes it readily adaptable 
to a wide variety of molding applications, as illustrated. 

The Herman Moldmaster fits into four different methods of operation. It is 
designed to operate by automatic, semi-automatic or push-button controls. 

The Moldmaster has the exclusive Herman feature of self-adjusting squeeze 
head attached to the jolt machine. This contours the squeeze head for any 
shape of pattern. Jolt squeeze action is simultaneous. 

Sand fiows in such a manner as to insure a perfect mold. Wear on the 
Moldmaster as well as the pattern equipment, is practically eliminated. Mold 
hardness can be increased or decreased at any :point. 

For more detail on the many outstanding features of this machine, ask for 
our Technical Bulletin No. JSS-5-58. 


Circle No. 189, Page 7-8 








1 The mold has been simultaneously jolt squeezed, 
rammed, and returned to the stripper station. 
The mold has been stripped and is in position 
to be discharged. 


product 
reports 


1200 F hot blast 


.. preheater for new cupola instal- 
lation at James B. Clow & Sons, Co- 
shocton, Ohio, is reported to be cap- 
able of cutting coke consumption from 
20 to 30 per cent. Manufactured by 
Brown Thermal Development Co., 
Elyria, Ohio, this all metallic hot blast 
preheater leads to other cupola oper- 
ation advantages such as: 1) better 
temperature control, 2) reduced sili- 
con oxidation losses, 3) improved sul- 
phur control, 4) elimination of bridg- 





2 The mold has been discharged and the incoming 
empty flask has automatically been positioned 
and lowered onto the pattern to be moved to 
the ramming station. 





The empty flask which had been placed on the 
pattern is now in position at the jolt squeeze 
station. The flask had been filled automatically 
and struck off while moving from the stripper 
station. 










HERMAN PNEUMATIC 
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ing, 5) reduced cupola refractory 
burnout, and 6) increased metal pro- 
duction. 





4 The mold has been simultaneously jolted and 
squeezed. Self-adjusting squeeze heads have 
been retracted and the mold is ready to be 
moved to the stripper station. 





Finned combustion tubes account 
for better heat transfer with smaller 
heaters. With less coke required for 
the bed, iron is said to be produced 
with as low as 0.01 per cent sulphur. 
Since unit can deliver an instantane- 
ous supply of hot blast, melting is 


speeded and hotter iron is available. 


for Manvfacturer’s Information 
Circle No. 53, Page 7-8 


BANK BUILDING PITTSBURGH 


Core car lubricant 


P withstands temperatures over 
400 F and saves C. H. Milles Foundry 
Co., Chicago, 80 man-hours of labor 
annually. Core cars, loaded with 2-1/2 
tons of sand cores, stay in the oven 
at 400 F for 5 hr every day. 

Before switching to their new lubri- 
cant Oildag—a dispersion of colloidal 
graphite in petroleum oil, Milles 
Foundry used conventional high-tem- 
perature grease. Every month the 
wheel and bearing assemblies had 
to be torn down to free “frozen” bear- 
ings and clean off heat-polymerized 
grease. Since switching to graphite 





Circle No. 189, Page 7-8 
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avtomotive castings 


EXCLUSIVE Neus 
4-WAY BREAKOFF 
NICK 


Provides maximum support during 
pouring, yet stem breaks off easily 
in any direction so that the few re- 
maining ofter shake-out can be 
easily brushed off with no apparent 
surface marks remaining. 





STAGGERED 
KNITTING NICKS 


Provides better type of surface for 
knitting with molten metal, assuring 
thorough fusion and resulting in 
clean, solid castings. 











14 


STURDY SHOULDER 
AND SOLID RIVETED 
HEAD 


Shoulder is designed and placed to 
permit chaplet to be set into pattern 
required distance without gvuess- 
work. Solid riveted head exactly at 
right angles to stem to insure that 
chaplet is always perfectly “true”. 


* modern castings 





THE FANNER MANUFACTURING 


Designers and Manufacturers of Fine Fanner Chaplets and Chills 





radiator castings stove parts castings 


For better quality castings, for time and money savings in pro- 
duction use fine FANNER radiator chaplets. The exclusive four 
way break-off nick plus their other features speeds production 
of cleaner, sounder castings and reduces labor costs. 


The development of the 4 way break-off nick is one more exam- 
ple of Fanner’s constant study and engineering based on more 
than 60 years of experience in foundry practice. 


Fine FANNER Radiator Chaplets are particularly suited for 
light pressure castings such as gas burners, radiator sections, 
manifolds and others. They are designed for use with the side 
of the greatest bearing surface against the green sand and will 
support approximately 5 pounds per square inch load. 


Get complete information on FANNER Radiator Chaplets with 
the “4 way break-off nick” and other fine FANNER chaplets 
by writing for the FANNER Chaplet catalog today! 





Qualified and specialized engineers in Fanner's Technical Service Divi- 
sion are available for consultation, without obligation, on problems of 
producing more intricate castings; developing increased strength, closer 
tolerances, and better quality; reducing machining and improving finish 
— both in ferrous and non-ferrous castings. Take advantage of the re- 
search and development work that Fanner has invested in this field 
to improve your profit picture! Simply direct your request to the address 
shown below. 











BROOKSIDE PARK ¢ CLEVELAND 9, OHIO 


Circle No. 190, Page 7-8 











@ Details on these products and proc- 
esses are available to MODERN CAST- 
INGS readers. See page 7-8. 





lubrication this cleaning job is done 
only once every 10 months. 

According to Ray Wagner, shop 
superintendent, they mix one gallon 
of Oildag (Acheson Colloids Co.) 
with 30 gallons of No. 30 Famous 





Pale oil (Famous Lubricants Inc.) 
and apply it with a liquid Zerk gun 
through Zerk fittings on the bearings 
each day. 


For Manufacturer's Information 
Cirlce No. 54, Page 7-8 


Mass-Production Missiles 
Will Use More Aluminum 


@ More and more aluminum will go 
into future guided missiles. A recent 
study by Kaiser Aluminum & Chem- 
ical Corp., Oakland, Calif., reports 
that practically every part of a missile 
and most components in the support 
systems can be built of aluminum. 

Three factors favor the increased 
use of aluminum, as compared with 
present-day missiles: 

1) Increased efficiency will depend 
on lowering non-payload weight; one 
Ib saved is equal to a gain of 1800 
ft in altitude or a mile of range. 

2) As missiles pass into the mass 
production stage, cost increases in im- 
portance. Other factors being equal, 
aluminum has an advantage over most 
other suitable materials. 

3) Only aluminum is now available 
in sufficient quantity to support mass 
production of missiles. 

It has been suggested that better 
high-temperature metals are required 
because portions of some missiles may 
rise to very high temperatures during 
periods of exposure to air friction. The 
Kaiser study concludes that because 
such temperatures are beyond the 
capabilities of any metals, it seems 
likely that a solution where required 
will be found by redesigning flight 
paths and through skin-cooling de- 
vices. 





Circle No. 191, Page 7-8 





A PARTIAL 


LIST OF 


CLIENTS 
FOR 


Acindar, S.A. 

Buenos Aires, Argentina 

Acinfer, S.A. 

Villa Constitucion, Argentina 

Alloy Steel Products Co. 

Linden, N. J. 

American Brake Shoe Company 

Chicago and St. Louis 

Buffalo and New York 

American Radiator & Standard 
Sanitary Corp. 

Baltimore and Louisville 

Appleton Electric Company 

South Milwaukee, Wisc. 

Belle City Malleable Iron Company 

Racine, Wisc. 

Buckeye Steel Foundry Co. 

Columbus, Ohio 

Buderus ‘sche Eisenwerke 

Essen, Germany 

Canadian Car and Foundry Company, 
Ltd. 

Montreal, Quebec 

Chrysler Corp. 

New Orleans, La. 

Cc. K. D. 

Blansko, Czechoslovakia 

James B. Clow & Sons Co. 

Birmingham, Ala. 

Combustion Engineering, Inc. 

Chattanooga, Tenn. 

Crane Co. 

Chicago and Chattanooga 

Dalton Foundries, Inc. 

Warsaw, Ind. 

Dayton Malleable Iron Co. 
(3 plants) 

Dayton, O 

Der Stahi- und Temperguss A. G. 

Traisen, Austria 

Electric Steel Foundry Company 

Portland, Ore. 

Erie Malleable Iron Company 

Erie, Pa. 

Fahralloy Canada Limited 

Orillia, Ont. 

Fairbanks, Morse & Co. 

Kansas City, Kan. 


Federal Malleable Co. 
Milwaukee, Wisc. 

General Steel Castings Corp. 
Eddystone, Pa. 

Goetzewerke A/G 

Burscheid, Germany 

Hammond Brass Works 
Hammond, Ind. 

Haynes Stellite Company 
Kokomo, Ind. 

Moline Malleable Iron Company 
St. Charies, ill. 

Mueller Co. 

Decatur, Ill. 

National Roll & Steel Foundry Co. 
Avonmore, Pa. 


Ohio Injector Co. 
Wadsworth, Ohio 


Pittsburgh Steel Foundry Corporation 

Glassport, Pa. 

Sibley Machine & Foundry 
Corporation 

South Bend, Ind. 

Spojene Tovarny Na Obrabeci Stroje 

Brno, Czechoslovakia 

Stavanger Electro-Staalverk A/S 

Jorpeland, Norway 

Stockey & Schmitz 

Gevelsberg, Germany 

Stockham Valves & Fittings 

Birmingham, Ala. 

Suizer Bros. Ltd. 

Winterthur, Switzerland 

Superior Steel & Malleable Castings 
Co. 

Benton Harbor, Mich. 


Universal Castings Corporation 
Chicago, Ill. 


Wagner Malleable Iron Company 
Decatur, Ill. 


Walworth Company 
Kewanee, Ill. and Boston, Mass. 


Woodruff & Edwards, Inc. 
Elgin, Ill. 


Worthington Corporation 
Harrison, N. J. 














Lester B. Knight & Associates, inc. has successfully 





ranging 
layout, 


The degree and type of mechanization should be established for each require- 
ment. The simplest unit of rugged design and construction to insure minimum 


maintenance is a must. Over-mechanization should be avoided. 


Automation can and must be applied in foundries to the degree justified by 
the particular problem. Knight engineered the first fully automated unit pro- 
ducing 272 molds per hour, 16 hours per day. Many other operations have been 
established on semi and fully automated cycles. Each problem is a study in 
itself to establish its economic justification. 


By proper plant layout and handling methods, manual handling has been 
reduced to a minimum. The ideal, of course, is to perform an operation on the 
material each time it is handled. In the foundry from 100 to 400 tons of material 
are handled to ship 1 ton of castings. 


Knight has reorganized, refinanced and operated foundry businesses success- 
fully and has temporarily directed operations in one or more departments for 
short periods to establish low cost operations. 


Knight has established simple organization programs pinpointing responsi- 
bility and authority, providing proper communication between various func- 
tions and, of course, providing complete administrative and procedure manuals 
to make certain that all personnel are familiar with policies and each knows 
and understands his job. 


Complete surveys of plants to establish the basic requirements for modern, 
low-cost operation. Knight Engineers become, temporarily, a part of the 
client's organization to make a comprehensive, objective analysis and, with 
the client's staff, develop the most modern methods and facilities. The result 
of the combined effort always is a better solution than either group could 
develop separately. 


Undivided responsibility, from drawing board to completed plant, has insured 
savings in time and money. Knight experience has helped to improve working 
conditions in a simple, functional plant designed for foundry operation. Knight 
has a complete and experienced mechanical, electrical, structural and archi- 
tectural staff who have supervised the design of hundreds of millions of dollars 
of industrial plants. 





: completed more than S50 foundry engineering assignments 


j from the solution of a single problem in one department to the 
| design and supervision of construction of complete new plants. 


In many instances, we have assisted the client to modernize methods and facilities, then established the new organization 


and procedures for adequate control (including cost control), and new incentives based on the work content of the job- 


After plans have been approved, Knight has acted as the client's representa- 
tive to supervise construction at minimum cost. This service has included 
supervision of '‘cost-plus”’ as well as fixed price contracts. The saving in time 
and money is far greater than the cost of complete construction management 


service. 


Modern methods, facilities, controls, sales methods, rigging and operating 
techniques can and must be used by all sizes and types of foundries to insure 
low cost, profitable operations with high take home pay, low unit costs and 


adequate return to management and owners. 


These services have included establishment of standards for incentive wage 
payment plans to insure a full day's work for a full day's pay, labor contract 
negotiations, establishment of basic data for estimating, cost and labor con- 
trol, preventive maintenance programs and plant layout, protection and 
service. 


Knight engineers have completed analyses of methods to reduce time and 
motion to a minimum and to establish the most efficient rigging to permit full 
utilization of existing personnel and equipment. A method study should always 
be tied in with establishment of incentive wage plans. 


The Knight organization has installed cost systems in more than 100 manu- 
facturing plants, including foundries, to establish better and simple controls, 
“highlight” inefficiencies and establish budget goals for all levels of super- 
vision and management. Every foundry must know its costs to insure continued 
profitable operation, competitively. A periodic review or audit by Knight Engi- 
neers insures that this ‘‘tool" of management is kept up to date. 


nm Control 


Delivery promises always are important and sometimes critical. Systematic 
production scheduling and control based on known factors requires a minimum 
of people and insures a minimum of missed shipping dates. 


Knight-engineered audits of operations can assist you to establish the changes 
necessary to secure maximum utilization of facilities and manpower—and thus 
maintain the most efficient, low-cost operation. 

Marketing 


Knight has surveyed markets to establish the availability of work suitable for a 
particular foundry and to determine the type of facilities to be established for 
the available work. 








Model of automatized foundry producing approximately 275 
molds per hour, 2 shifts per day 







Knight Organization 


The key men in Lester B. Knight & Associates, Inc. have from 10 to 25 or 
more years of successful experience in some phase of foundry management, production, 
engineering or equipment. The coordination of each man's specialized experience enables 
the Knight organization to give foundry management reliable, practical assistance on 
virtually all foundry problems 

The Knight organization has completed more than 350 successful assignments in every 
type of foundry—grey iron, steel, malleable, brass and bronze, magnesium, and aluminum 
These foundries are producing castings from a few ounces to 50 tons and from 1 to more 
than 1,500 tons of castings per day. Green sand, dry sand, cement, plaster, ‘shell’ molds, 
permanent mold, centrifugal, die casting and investment casting operations all have been 
served by Knight. 

Working closely with clients’ staffs, Knight Engineers have assisted its clients to audit 
operations, define management functions, establish organization, modernize methods 
and facilities, and design complete new plants. They have successfully applied automation 
in varying degrees to a number of different types of foundries, and have assisted manage- 


ment to establish more economical procedures for the control of operations and costs. 





lester B. Knight & Associates, Inc. 


Management, Industria/ and Plant Engineers 


Member of the Association of Consulting Management Engineers, Inc 
549 W. Randolph St., Chicago 6, Ill. 
917 Fifteenth St., N.W., Washington, D.C. 
New York Office—Lester B. Knight & Associates, 375 Fifth Ave., New York City 16 
Knight Engineering Establishment (Vaduz), Zurich Branch, Bahnhofstrasse 17, Zurich, Switzerland 





High Temperature Alloy for 
Jet Engine Turbine Blades 


@ A new “predesigned” alloy which is 
said to exhibit outstanding strength at 
the high operating temperatures found 
in rockets, missiles and jet aircraft, 
has recently been developed by West- 
inghouse Electric Corp., Pittsburgh, 
Pa. 


The alloy, known as Nicrotung, is | 
expected to raise the operating tem- | 


peratures of jet engine blades to 1800 
F, This is a temperature boost of 


about 150 F over present-day en- | 


gines. According to Westinghouse of- 
ficials this is about equal to the total 
increase in operating temperatures 
made in such engines over the past 
five years. 


Sets Temperature Ceiling 


A company spokesman declares, 
“Because of the high temperatures 
to which they are exposed and the 
terrific stresses they undergo at these 
temperatures, turbine blades set the 
temperature ceiling for turbojet en- 
gine operation. Improved blade ma- 
terials, combining better strength at 
ever higher temperatures, are essen- 
tial to continued improvement in 
engine performance. Nicrotung is be- 
lieved to be a step toward such im- 
provement.” 

The new alloy gets its name from 





three of the essential metals that | 
compose it: nickel, chromium and | 
tungsten. Properties include improved 


castability, oxidation resistance, stress- 
rupture strength and ductility. 


Nickel Base 


Nickel was chosen as the base ele- 
ment in the design of the material 
because, officials state, it is the most 
practical high melting point element 
available at the present time for 1800 
F service. Chromium was added to 
give oxidation resistance, after which 
tungsten was added in order to confer 
hardening. 

The new alloy reportedly with- 
stands a stress of 32,000 Ib per sq in. 
at 1700 F for as long as 100 hr with- 
out failure. At 1800 F, the alloy 
withstands a stress of 22,000 Ib per 
sq in. for this length of time. 

The product is undergoing exhaus- 
tive tests at the company’s aviation 
gas turbine division in Kansas City, 
where it is being evaluated for use in 
Westinghouse jet aircraft and missile 
engines. 





4 Circle No. 191, Page 7-8 
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John Mokren and Joe Zargel, coremakers at Hill-Acme are stripping the box from 
e@ 3000-Ib. LIN-O-SET core which is typical of much of the core work in this modern 
foundry. Two of these giants form the core assembly for a 32-ton machine tool 
base pan casting. Note the delicate undercut on the left side of the core, which 


involved considerable time ond trouble prior to the use of LIN-O-SET. 





Otto Spirek, plant superintendent at Hill-Acme, discusses mixing pro- 
cedures with Dan Chester, ADM Technical Service Mgr., who makes 
periodic checks on procedures, and stands ready to apply his specialized 
knowledge to core problems as they arise. 





Hill-Acme castings are known for their excellent finish. They 
attribute this to high density of LIN-O-SET cores, and the 
use of FEDERAL No. 801 PLUMBAGO COREWASH. Illustra- 
tion shows Paul Colella spraying on FEDERAL No. 801. 


HILL-ACME 


reports on value of... 


IN-0-5ET 


% the fabricating time 
%2 the baking time 


...and vastly improved casting finish. These are 
the primary reasons why HILL-ACME COM- 
PANY of Cleveland, Ohio, switched from conven- 
tional core oil to LIN-O-SET. 

Larry Rayel, ADM Representative, suggested 
that Hill-Acme try LIN-O-SET as an experiment. 
The huge, complicated cores presented constant 
problems: for instance, they had to use back-up 
sand to reinforce delicate undercuts; it was difficult 
to hold dimensional stability and at the same time 
attain sufficient flowability for easy ramming; they 
had to “baby” green cores due to their extreme 
size and weight; then the large cores had to bake 
for two nights. 

After a demonstration by ADM Technical Service 
Manager, Dan Chester, it was decided to put 
LIN-O-SET into the entire core operation. 

Now, a year later, these are the recognized 
benefits: after a short air-curing period, core boxes 
are stripped faster and easier without danger to 
the core, and the core has absolutely no sag after 
stripping; there is less need for rodding; high green 
strength of the cores as drawn permits safer han- 
dling, reducing green core breakage; minimum 
ramming and tucking are required due to low 
green strength and high flowability of LIN-O-SET 
sand as discharged from the muller. All in all, total 
fabrication time for LIN-O-SET cores is estimated 
to be at least 50% less. 

Baking time was reduced from two nights to one 
night. Excellent collapsibility of the cores reduces 
cleaning to a minimum. 

Perhaps a demonstration of LIN-O-SET in your 
foundry will bring about attractive savings for you. 
Write for LIN-O-SET technical bulletin. 





Archer Baniels-Midiand company | 


FEDERAL FOUNDRY SUPPLY DIVISION 
2191 West 110th Street * Cleveland 2, Ohio 


Aim toward better castings through the use 


of Archer Quality Supplies: 


GREEN BOND H-J FEDERAL LINOIL ADMIREZ 
High-gelatinating Sand Stabilizer Core Oils Foundry Resins 
or FEDERAL INDUCTOL —-ADCOSIL 
GREEN BOND L-J Core Washes COs Binders 


Fast-baking 


low-gelatinating FEDERAL Core Oils LIN-O-CEL 
Bentonite Plumbagos LIN-O-SET Sand Stabilizer 
CROWN HILL FEDERAL Air-setting FRE-FLO 


Sea Coal Core Pastes Core Binders Parting Compound 








Introducing... 





4.50 GRAMS 


The New Look in 
LITHIUM 
COPPER 
CARTRIDGES 


ACTUAL SIZE 


Lithium isn’t new to foundrymen. But the new, improved, 4.50 
gram cartridge is. Thinner walls react with the melt faster. 
Nearly 100% greater compactness means savings in weight and 
storage space. New “‘Compression-Spin”’ seal assures longer shelf 
life. Over 99.9% copper assay offers the near-ultimate in purity. 


Three other handy sizes, 2.25 and 9.0 gram cartridges, plus a 
108.0 gram charge in cup form, offer any combination of weights 
for introducing any percentage of lithium in the melt. 


The 4.50 gram cartridge represents 0.010 Ibs. of lithium rod. It 
will refine 200 Ibs. of copper or copper-base alloy. All oxygen is 
removed, fluidity increased, pouring temperature often lowered, 
oxide and slag inclusions reduced, grain refined, and gas cavities 
eliminated—with no change in conventional melting and casting 
processes. 


The end result is a superior casting: sounder, denser, more uni- 
form, more electrically conductive—at less trouble and less 
cost. Write for details. 


DISTRIBUTORS: 
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NIAGARA FALLS SMELTING & REFINING DIVISION 
Buffalo, New York 
P. R. MALLORY & CO., INC. SIPI METALS CORPORATION 
Indianapolis, Indiana Chicago, Illinois 
MITCHELL SMELTING & REFINING CO. PACIFIC GRAPHITE CO., INC. 
Botsford Center, Conn. Oakland, Calif. 






LITHIUM CORPORATION 
OF AMERICA, INC, 


SUITE B—400 SECOND AVE. S. 
MINNEAPOLIS 1, MINN. 


SALES OFFICES: NEW YORK — CLEVELAND — CHICAGO — MINNEAPOLIS 
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Donald McDaniel . . . has retired 
after 40 years of service as vice-presi- 
dent, Hamilton Foundry & Machine 
Co., Hamilton, Ohio, and president, 
Decatur Casting Co., Decatur, Ind. 
He will continue to serve as a di- 
rector of both corporations. 

As a pioneer foundryman in this 
country, McDaniel was one of the or- 
ganizers of the Ohio State Foundry- 
men’s Association in 1920, and served 
as a director during the life of the 
Association. He was active in de- 
velopment of the first Code of Uni- 
form Trade Customs for the Gray 
Iron Castings Industry, adopted and 
published by the Ohio State Foundry- 
men’s Association. Later he took part 
in revision of this code which became 
known as the Terms and Conditions 
of Sale for the Gray Iron Industry and 
approved by the National Association 
of Purchasing Agents. 

McDaniel helped organize the Gray 
Iron Institute in 1928 which was re- 
organized as Gray Iron Founders’ So- 
ciety, Inc. This organization awarded 
him a citation honoring him for his 
“steadfast loyalty and service to the 
Society.” He is also a member, AFS 
Cincinnati Chapter and the Engineer- 
ing Society of Cincinnati. 


R. S. Bradshaw, Jr. . . . was named 
president and general manager of 
Texas Foundries, Inc., Lufkin, Texas, 
replacing the late Colonel Cal C. 
Chambers. Bradshaw joined the com- 
pany as plant manager when it was 





J. E. Abshire, Jr. 





get personal 


organized. He is a member, AFS 
Texas Chapter. The stockholders also 
elected two board members, J. O. 
Klein and Cal C. Chambers, Jr. 


J. E. Abshire, Jr. . . . treasurer, AFS 
Tennessee Chapter is now associated 
with Porter Warner Industries, Inc., 
Chattanooga, Tenn. Porter Warner, 
president, stated, “Mr. Abshire han- 
dled research in sand and additives 
previously with Ross-Meehan Found- 
ries, of this city, and will now act as 
sales representative and consultant for 
our firm.” 


R. S. McQuillan . . . has been pro- 
moted from salesman to vice-presi- 
dent of Empire Metal Products, Ltd., 
Vancouver, B. C., Canada. He is a 
member, AFS British Columbia Chap- 
ter. 


Norman Dabney . . . Dabney Foundry 
Co., Ltd., New Westminister, B. C., 
Canada is now vice-president of the 
organization. 


J. D. MacKenzie . . . American Smelt- 
ing and Refining Co., New York, 
has been elected president. During 
his 38 years with the company he 
has come up through the ranks from 
a chemist and metallurgist to his 
present position. He is also director 
of General Cable Corp., New York, 
Revere Copper and Brass Inc., Rome, 
N. Y. The former president, R. W. 
Vaughn, is now vice-chairman of the 


i ee 
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J. D. MacKenzie 








board. He has been with Asarco since 
1937. R. L. Jourdan has been elected 
vice-president. Jourdan has spent his 
entire business career with the com- 
pany starting as a chemist and metal- 
lurgist. 


A. W. Lang . . . recently was ap 
pointed chief metallurgist, Universal- 





A. W. Lang 


Rundle Corp., Camden, N. J., Lang 
is a member of the AFS Philadelphia 
Chapter. 


F. J. Boeneker . . . has joined A.C.F. 
Industries, New York, as sales engi- 
neer. He formerly worked with the 
Bronze Alloys Co., and is a member, 
AFS St. Louis Chapter. 


W. C. Watson . . . has been made 
chief engineer, Olney Foundry Div., 
Link-Belt Co., Philadelphia. He is a 





W. C. Watson 


graduate of Penn State University and 
member, AFS Philadelphia Chapter. 


Walter Bonsack . . . became chief 
metallurgist of Aluminum and Mag- 
nesium, Inc., Sandusky, Ohio. Bon- 
sack is a member, AFS Northeastern 
Ohio Chapter. 


W. N. Brammer . . . will serve as 
sales manager for Pressure Castings, 
Co., Cleveland. He has an extensive 
knowledge of metal fabrication and 
metallurgy. He is the holder of mold- 
ing machine patents and has au- 
thored a number of papers on alumi- 


4 EXACT CONTROL OF SAND PROPERTIES 


New plow design, scientifically contoured mulling 
thoroughly mulled sand batches which very closely 
prepared by production Speedmullors. The new 

Lab Mulbaro provides close laboratory control of 


sand preparation and permits practical, low cost 


Mulltrol is available for batch after batch uniformity 
through precise control of the mulling cycle. Lab 


improved sand control, improved sand properties 
and the ensuing improvement in casting quality. 









Metallurgists and Technicians... 


HERE’S THE 
or vse oS 
¢ NEW PLOW DESIGN 


4 IDEAL FOR EXPERIMENTAL SAND MIXTURES 


4 NEW LARGE INSPECTION DOOR 
4 NEW TILTING MECHANISM 
4 NEW OPERATING EASE 


bowl, and rubber-tired mulling wheels assure 


duplicate molding and core sand mixtures 


experimentation with the many new binders. 


Mulbaros quickly pay for themselves through 


Tilting mulling mechanism and 


removable mulling bowl make 
the new Lab Mulbaro the 


2424 N. Cicero Avenue 
Chicago 39, lil. 
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num which were presented before 
S.A.E., A.S.T.M. and AFS groups. He 
is currently an active member of the 
AFS Alloys and Properties Commit 
tee of the Die Cast and Permanent 
Mold Division. Brammer is a member 
of the AFS Northeastern Ohio Chap 
ter. 


W. W. Goessel . . . recently trans 
ferred by Beloit Eastern Corp., to 
take over duties as foundry superin 


W. W. Goessel 


tendent in the Downington, Pa., 
plant. He was formerly a member 
»— the AFS Milwaukee Chapter and 
has been elected as a director, AFS 
Philadelphia Chapter. 


D. R. Chester . . . was elected chair- 
man, AFS Sand Division Committee 
8-C), at the March meeting held 
in the Carter Hotel, Cleveland. Ches- 
ter, Federal Foundry Div., Archer- 
Daniels-Midland Co., Cleveland, is a 
member of the AFS Northeastern 
Ohio Chapter. D. S. Mills, General 
Motors Corp., Detroit, was elected 
vice-chairman. He is a member, AFS 
Detroit Chapter. 


Jerome Strauss . . . vice-president, 
Vanadium Corp. of America, New 
York has retired. A. F. Sparkle has 
been appointed assistant vice-presi- 
dent. 


M. A. East . . . general manager, 
John East Iron Works, Ltd., Saska- 
toon, Sask., Canada, is now president 
of that firm. He is a member, AFS 
British Columbia Chapter. 


R. N. Thompkins . . . Western Found- 
ry Sand Co., Seattle, Wash. has be- 
come president. He is a member, 


AFS Washington Chapter. 


F. M. Moses . . . Wilson & Geo. 
Meyer & Co., San Francisco, has been 
promoted to position of manager, 
coke department. L. N. West, exec- 
utive vice-president said, “West joined 
the firm in 1954 after service with 
Carnegie Steel Corp. and Pan Amer- 
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YALE introduces...the INDUSTRIAL tractor shovel 


DESIGNED TO GIVE YOU 20% 


See it in action... let your operator drive it! 


He’ll like the roomy, uncluttered, comfortable cockpit. Adjustable seat 
gives him plenty of leg and foot room. Finger-tip controls conveniently 
located. Yale Torque Transmission with one speed forward and reverse 
—one directional contro! lever. He'll especially like Yale’s exclusive 
Safety-Curve Arms. Gives him plenty of safe, elbow room—and extra 
visibility when bucket is raised. For a demonstration in your plant or 
for further information, write The Yale & Towne Manufacturing Co., 
Philadelphia 15, Pa., Dept. A-1055. 
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MORE WORK EVERY HOUR | 


through these exclusive Yale features... 


e@ Yale Torque Transmission (fully automatic) 


@ 45° ground-level bucket tipback 


e@ Safety-curve arms 


e@ Accelerates to operating speed of 8 mph. in 3.5 seconds—to a speed of 13 mph. in 5.5 seconds 


@ 6 foot dumping clearance 


At last—a tractor shovel designed especially for indus- 
try! Whether you handle bulk chemicals, sand, gravel, 
scrap or raw materials, you’ll get more productive work 
at less cost per work unit with this new concept in a 
tractor shovel. 

Yale designed it for tight areas—built it compact 
(only 117” overall length) so that it can maneuver in 
any aisle wide enough for a wheelbarrow. Accelerates 
to an operating speed of 8 mph. in 3.5 seconds and to a 
top speed of 13 mph. in 5.5 seconds. Exclusive Yale 
Torque Transmission (fully automatic) permits quicker, 
smoother starting, eliminates shifting, provides more 


@ Sealed brakes 


e@ Front and rear operating lights 


power under load conditions—in a word, speeds cycle 
operations. This extra speed, plus the greatest carry- 
ing capacity of its class (full 2500 lbs.) means up to 
25% more work per hour. 

Yale’s loader-linkage design offers unique advan- 
tages. Exclusive 45° Ground-Level Tipback insures the 
ultimate in loading action—and a grade-level carrying 
position to minimize spillage. Exclusive 6 foot Dump- 
ing Clearance is highest on any model of similar wheel- 
base. Bucket is Automatically Self-Locating. Operator 
merely lowers from full dump-position to ground-level 
-bucket automatically returns to digging position. 


a product of Yale’s integrated design—these engineering advances are standard features 


e@ Gasoline; LP-Gas powered 


e Extra strong heavy welded steel frame—greater safety, longer life 
e Carrying capacity of 2500 Ibs.—bigger load capacity 


@ Sealed generator and distributor 


@ Sealed hydraulic system—keeps dirt out 


e@ Balanced weight distribution 


e Pre-cleaner—air cleaner combination 
e@ Automatic bucket return to digging position 
e@ Short wheel base—minimum turning radius 

@ Maximum speeds up to 13 mph. 


YA L E INDUSTRIAL LIFT TRUCKS & TRACTOR SHOVELS - HOISTS 


*REG. U.S. PAT. OFF. 





YALE & TOWNE 


GASOLINE, ELECTRIC, DIESEL & LP-GAS INDUSTRIAL LIFT TRUCKS * WORKSAVERS 
WAREHOUSERS * HAND TRUCKS «INDUSTRIAL TRACTOR SHOVELS * HAND AND ELECTRIC HOISTS 


YALE MATERIALS HANDLING DIVISION, THE YALE & TOWNE MANUFACTURING CO. MANUFACTURING PLANTS: PHILADELPHIA, PA.; SAN LEANDRO, CALIF.; FORREST CITY, ARK. 
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ican World Airways and will make 
his headquarters in San Francisco 
working with the trade out of Meyer 
company’s four other Western offices.” 
Both men are members of AFS North- 
ern California Chapter. 


L. J. Miller . . . has been named 
executive vice-president of A. P. 
Green Fire Brick Co., Mexico, Mo. 
Miller joined the company in 1923 as 





L. J. Miller 


shipping and production clerk, was 
later appointed general superintend- 
ent and in 1942 became vice-presi- 
dent. 


R. C. Johnson . . . has joined the 
staff of the Manufacturing Chemists’ 
Association, and will be identified 
primarily with M.C.A. activities in the 
field of special metals. Johnson is the 
author of numerous technical papers 
and the holder of 15 patents. 


P. W. Beamer . . . has been appoint- 
ed manager, sales and development, 
Utica Metals Div., Kelsey-Hayes Co., 
Utica, N. Y. He is active in metallur- 
gical societies and his publications 
include several articles on special- 
ized phases of metallurgy. Dr. E. S. 
Machlin, on sabbatical leave as asso- 
ciate professor of metallurgy, Colum- 
bia University, has been appointed 
acting director of research. Machlin 
has co-authored over 40 technical pa- 
pers devoted to physical metallurgy 
and is the recipient of the 1954 Mat- 
thewson Gold Medal of the Institute 
of Mining and Metallurgical Engi- 


neers. 


J. F. Torley . . . has accepted the 
position of manager, National Malle- 
able & Steel Castings Co., Cicero, IIl. 
Torley is a member, AFS Chicago 
Chapter. 


Paul Yavorsky ... is the new Tech- 
nical Director, Zirconium Corp. of 
America, Solon, Ohio. Mr. Yavorsky 
has been associated with the high 


Continued on page 27 
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NEW 


HAWLEY 
Trav-L-Vent 


‘Moves with the job 





eliminates big, expensive 


area ventilating systems 





exhausts toxic fumes 
at any pouring point 


@ First and only real solution to 
non-ferrous foundry ventilating 
problems. Eliminates ‘‘zinc 
shakes” and other health hazards 

. improves working condi- 
tions. Pays for itself in heat saved. 
Installs at less than Y the cost of 
inefficient, conventional systems 

. uses as little as 1500 cfm. 
Will fit your foundry layout. Write 
now for complete information... 
to Martin Equipment Company, 
Box 173, Wabash, Indiana. 


HAWLEY MANUFACTURING COMPANY 


Wabash, Indiana 
Circle No. 196, Page 7-8 
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the editor’s field report 


- Fat 


@ Seventeen consecutive months of full foundry employment and 
a record breaking 1957 are the direct result of creative 
selling by Northern Malleable Iron Co., St. Paul, Minn. Ina 
talk at the Malleable Founders Society Ninth Market Develop- 
ment Conference, George T. Boli, company president, said, 
"creative selling has been a strong factor in obtaining 313 
new malleable casting jobs during 1957." Many of these were 
conversions from weldments, forgings and from other cast 
metals. Company salesmen are trained in every department of 
the foundry before contacting any customers. Creative selling 
requires the salesman to have a mechanical understanding, 
basic knowledge of product, design ability, insatiable 
curiosity, patience and persistence. 





@ Want to evaluate your core-box design by proving the absence (or 
presence) of undesirable erosive action during blowing? This may not 
be an official AFS or A.S.1T.M. standard test procedure but it's quick, 
Simple and impressive. Just lay a single sheet of tissue paper on 
bottom face of core box. Blow core. Remove from box. Now where's the 
tissue? If tissue is neatly pressed into the outside contour of the 
core then blowing action is good. If paper has been disintegrated by 
the impact and scouring action of the sand, then you have a core-box 
problem. The box will soon be headed back to the shop for expensive 
repairs of surface damage. Erosive wear can be eliminated by proper 
redesign of box or blowplate. 


@ King size briquettes of iron and steel borings and turnings 
will soon be available as a raw material for charging cupolas. 
A scrap metal dealer in Beloit, Wis., says that he can collect 
turnings and sell the 40-1b briquettes competitively within 
a 150-mile radius of his yard. 


@ Ever see centrifugal molding? It's being done at the new Combustion 
Engineering foundry in Chattanooga, Tenn. Soil pipe is produced in 
this highly mechanized and automated plant by the centrifugal casting 
process. Molding also utilizes centrifugal force. Pipe flask raises 
to a vertical position and is filled with green sand as it slowly 
turns. Flask tips to horizontal and rotation speeds up to 1000 rpm. 
Centrifugal force packs the sand lining in flask. Final compacting and 
smoothing of sand lining is accomplished by inserting a spinning 
mandrel into the mold cavity. Whole operation takes less than a minute! 


@ The missile industry needs structural materials possessing 
high strength and light weight combined with high damping 
capacity. A new magnesium casting alloy has recently been 
created to meet this need. The light alloy develops a greatly 
improved yield strength while retaining an excellent degree 





of damping capacity. The mag alloy is already finding success 
in its first prototype missile applications. Circle No. 197, Page 7-8 








HOT BLASTAIR’ @ 


= 


FOR YOUR CUPOLA 


500 TOA200° 





Cuts Cupola loke Consumption Up to 307%, 


“Hot Blast” air preheaters offer dramatic 


new advantages to the foundry field. 

1. Up to 30% coke savings 

Better control of hot metal temperature 
- Silicon oxidation losses reduced 

» Improved sulphur control 

» More rapid heating 

Increased metal production 


- Hotter iron at the mold 


Production of better castings 


2. 
3 
4 
3 
6. 
7 
8. 
9. 


Metal charge can be of lower quality 


W. 0. LARSON 
Foundry Company BE 
Grafton, Ohio — 


Got the Facts - THE BROWN THERMAL 
VISIT OUR BOOTH... DEVELOPMENT CO. 
%K 166 2 Subsidiary of Brown Fintube Company 


Elyria, Ohio 
AT AFS CONGRESS 














BLAST AIR 


Ar ae Ai for 


BROWN a’ 


Thermal 
Preheaters / 











' James B. Clow & Sons a 


In November, 1957, the Brown Thermal 
Development Company installed a 6,000 
foot Hot Blast Preheater at the 
James B. Clow & Sons Plant, Coshocton, 
Ohio. This unit is now furnishing hot 
blast air up to 1200° F. Units like this 
offer foundries the following advantages: 


cubic 


A return of up to 30% in coke sav- 
ings a year is possible. 


% Use of Brown’s Fintubing application, 
to increase surface area, which reduces 
physical size of preheaters and assures 
higher efficiency. 


Unique counter-flow principle to ob- 
tain ultimate in thermal efficiency. 


A completely packaged unit including 
burners, controls and safety devices. 


» Fully automatic for ease of operation. 


B Completely instrumentated for accu- 
rate temperature control. 
a Large capacity (6,000 to 15,000 cfm 


up to 1200° F.) 


Backed by 20 years of heat transfer 
engineering. 





YOURS FOR THE ASKING 
Learn how Brown Thermal Hot 
Blast Heaters can slash coke 
costs and produce better cast- 
ings. Write for complimentary 
copy of Bulletin No. 586. 


BROWN THERMAL PREHEATERS 


THE BROWN THERMAL DEVELOPMENT CoO. 


Subsidiary of Brown Fintube Company 


Elyria, Ohio 
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Continued from page 


ceramic since 


and has co-authored several ar 


temperature 
1939 
ticles on this subject, 


industry 


as well as Zi 


conia, beryllia and thoria. 


A. J. Rumely, Sr. . . . has been elec! 


ed chairman of the board of direc 
tors, La Porte Foundry Co., La Porte, 
Ind. Other elected officers are A. J. 


Rumely, Jr., president and treasurer; 
P. J. Menkhaus, vice-president and 
general manager; E. A. Miller, secre- 
tary and comptroller; and F. O. Borg, 
foundry superintendent. Both Miller 
and Borg are members, AFS Michiana 
Chapter. 


Henry Ford IL. . 
Motor Co.. 
nounced the 1 


. president, Ford 
Mich.., 


ealignment of menufac- 


Dearborn, an- 
and changes In ex- 
ecutive responsibilities. D. S. Harder, 
retirement age, resigned his office 
executive vice-president and_ will 
serve on the staff as vice-president and 
technical advisor to chairman of the 
board. John Dykstra been ap- 
pointed to fill this vacancy. R. H. 
Sullivan, who will retire in Septem- 
ber, will continue as company vice- 
president and will collaborate with 


turing activities 


as 


has 


Harder on special manufacturing proj- | 


ects for the company. 


C. H. Patterson has been elected | 


vice-president and will head the Pow- 
er Train Group. 
Foundries Div., 
eral manager; 
Chassis Div., 


This includes Engine 
with M. L. 
and 


Kate gen- 
Transmission and 


headed by R. J. Hamp- | 


son general manager. I. A. Duffy, 
vice-president, will direct the Body 
Group with the Tractor and Imple- | 


ment Group headed by M. D. Hill. 

Ford’s realignment program 
ranges plants into six manvfacturing 
divisions which become 


rear- | 


components | 


of the two new groups—Power Train | 


and Body. 


W. R. Lewis became works 
manager of Electro Metallurgical Co.., 
Div. Union Carbide Corp., New York. 


He started as a student engineer with | 


the company in 1941. 


R. O. Offill . . . has been promoted to 
advisory engineer, Lindberg Industria] 
Corp., Chicago. He will assist field 
personnel throughout various district 
offices. 
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why practical foundrymen select 


Simpson MIX-M OLLER by four to one 


One of a series on: 


How Simpson mulling principle 


d . . 
iad $2500 ig tei 2F Mix taller can save you up to 50% in bond cost 
gag Corp. 
- $s seatlh sit When a batch of sand and bond is mulled the sand will achieve most of 
led: sond quality its green strength early in the process . . . But, most isn’t always good 
Sond ovtPu! sture contol Mix- enough to do all jobs. Scrap, inferior castings, wasted time, money and 
proved - » * installati pix-Mullers © material are poor reward for a half mulled batch of foundry sand — 
“stler. 1s One® vs Foundry: when the total savings in mulling time may be less than a minute. 
Mw south ene has bee® cut There is another way to save mulling time . . . use a great deal more 
' of ‘th 80 : ba wep quality.” bond. You'll get your strength but : will hy be oo at the expense 
50% Foundry of questionable sand quality . . . and bond is costly. 
= eee ag: Some foundrymen make a choice—time or bond, but many more get 
both by doing one of two things: 
_ our mulling a oe taba ; (1) Changing to Simpson Mix-Muller 
pans due to} (2) Using their present Mix-Muller wisely 
mulling me: Machine 4 These practical foundrymen know from experience, that they may 
eliminates aia Foundry & Xenia, ic mull a batch a little longer in a Simpson but they also know that, 


model for model, the Mix-Muller can turn out more, better sand in a 
given time than any other sand mixer! 


SIX WAYS YOU SAVE WITH MIX-MULLER 


YOU SAVE CLEANING COSTS WITH 
MIX-MULLER 
Uniformly coated sand means better finish 
—right from the mold with less cleaning. 


YOU SAVE POWER WITH MIX-MULLER 
Mix-Muller takes only about Y the power 
of other machines—to do the same or a 
better job. Only power required is used to 
piow and to roll mullers over the sand. 








Yes, you can save on bond 
with the Mix-Muller 

. up to 50% as reported by users—but you'll 
save in six other ways too. Combined, these 
savings mean much more to practical foundry- 
men than a few seconds saved in mulling. They 
are the reason why, for almost 50 years, Simpson 
Mix-Muller has been the choice of practical 
foundrymen by four to one over. any other 
means of sand praperetns., Rue wa ; 


GET MORE FOR YOUR EQUIPMENT 
DOLLAR WITH MIX-MULLER 


Model for model, you'll mix more sand— 
get more tonnage per hour with large ca- 
pacity Mix-Muller. 


SAVE RAW MATERIALS WITH MIX-MULLER 


Only true mulling permits you to use lean 
mixtures. You'll make the most of less oil, 
binder and other additives—and get top 
quality sand at the same time. 


YOU SAVE MAINTENANCE WITH 
MIX-MULLER 
Simple, rugged construction makes Mix- 
Muller easy to operate, maintain—and get 
parts for. Low speed mulling insures longer 
weor and part life to save you materials 
and man hours. 


YOU SAVE SCRAP WITH MIX-MULLER 


True mulled sand cuts down on casting, 
mold and core scrap. 












National Engineering Company, 630 Machinery Hall Bidg., Chicago 6, Ill. 


@ Confidence in the future was 
w displayed by over 12,500 men of 
the metalcasting industry attend- 
ing the AFS 62d Castings Congress 
& Show in Cleveland, May 19-23. 
Foundrymen came to see the very 
latest in equipment and _ supplies 
and to learn about the most recent 
advances in modern foundry tech- 
nology. Displayed in 94,000 square 
feet of floor area in the Cleveland 
Public Auditorium, some 221 ex- 
hibitors presented to the metalcast- 
ing industry the most modern 
display of foundry equipment, sup- 
plies and techniques ever seen. 
Over 100 technical papers were 
contributed by top-ranking men of 
the industry in a program that 








REPORT on the 62d AFS CASTINGS 


Big annual event combined program of modern casting 
technology with new-look in foundry equipment & supplies 


covered the complete gamut of 
modern foundry practices. 

@ REGISTRATION—With an ad- 
vance registration of over 5000, 
attendance exceeded all expecta- 
tions. Close to 100 foreign visitors 
from 17 different countries served 


Large crowd of foundrymen lined up for registration when 62d Casting 
Congress and Foundry Show opened at the Cleveland Public Auditorium. 


Sok aad 


Prior to Show Opening, AFS officers inspect exhibits for safety. 
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to emphasize the international im- 
portance of the week's events. At 
least nine of the exhibitors featured 
equipment or materials produced 
overseas. Old Timers registration 
for men employed 25 or more years 
in the foundry industry revealed 
over 100 patriarchs of metalcasting 
present during the week. Top hon- 
ors went to Barney Bernbaum who 
started his foundry career in 1884 
at the age of 13. Now 87 years old, 
he is in his 74th year of active 
service. 

@ MODERN CASTINGS DAILY— 
This year the Modern Castings 
Daily newspaper was introduced as 
a new service to exhibitors and 
visitors. Free copies were available 
to everyone attending the show 
each morning. The Daily listed the 
names of all men registering for 
the Congress and Show. Also cov- 
ered were the highlights of each 
day's activities, technical program, 
social affairs, photos of exhibits, 
events and convention personali- 
ties, abstracts of technical papers 
and AFS activities. 

@ HOYT MEMORIAL LECTURE 
—High point of the technical pro- 
gram was set with the annual Hoyt 
Memorial Lecture—‘“Silicon: Pres- 


ent and Future’—presented by Wal- 
ter E. Remmers, vice-president, 
Union Carbide Corp. Speaker Rem- 
mers told the importance of silicon 
in modern metal alloys and chem- 
icals used in foundries. As one of 
the most abundant materials on 
earth, new uses for silicon promise 
profound influence on man’s future. 
@ BANQUET SPEAKER-—Fea- 
tured speaker at the annual ban- 
quet was Dr. Ralph Lapp, fluent 
authority on the uses of atomic 
energy. Speaking on “Men, Rockets 
and Atoms”, Dr. Lapp explained 
the amazing phenomena of nuclear 
warfare in outer space and the 
problems associated with develop- 
ing an effective anti-missile for in- 
tercepting an enemy ICBM. 

@ GOLD MEDALS—Gold Medal 
Awards, highest honor bestowed 
by AFS, were presented to three 
recipients by Edwin Horlebein, 
Chairman of the Board of Awards. 
Ralph A. Clark, Electro Metallurgi- 
cal Co., Div. of Union Carbide 
Corp., received the Thomas W. 
Pangborn Gold Medal for “out- 
standing contributions to the Socie- 
ty and ferrous casting industry, 
especially in the field of gray iron 
metallurgy.” William W. Maloney, 






AFS President Harry W. Dietert addresses the Wednesday Business Meeting. 


CONGRESS and SHOW 


AFS Secretary and General Man- 
ager, received the Joseph S. Sea- 
man Gold Medal for “enthusiastic 
leadership and completely unselfish 
devotion to the Society as its Sec- 
retary and General Manager.” 
Howard J. Rowe, Aluminum Co. 
of America, received the William 
H. McFadden Gold Medal for “out- 
standing contributions to the Socie- 
ty and to the light metals branch 
of the castings industry.” 

@ BUSINESS MEETING—Awards 
were also made at the annual busi- 
ness meeting after AFS President 
Harry W. Dietert presented his 
final report to the members on 
“Current AFS Developments”. AFS 
Service Citations were presented 
to Frank S. Brewster, Ernest T. 
Kindt, and Frederick G. Sefing. 
Recipients of the AFS Award of 





AFS President Harry W. Dietert 
presided at Annual Banquet and 
received Honorary Life Membership. 
Three Gold Medals were awarded. 
Dr. Ralph Lapp (right) discussed 
ramifications of atomic warfare. 





Scientific Merit were Mervin H. 
Horton, Kenneth H. Priestly and 
Franklin B. Rote. The first and 
second place winners of the AFS 
Apprentice contest received trips 
to the show, certificates and checks 
from President Dietert at the Busi- 
ness Meeting. New officers and di- 
rectors elected are featured on 
page 35. 

@ CANADIAN DINNER-—The gay 
Canadian dinner was honored with 
the presence of Sir Frank Mark- 
ham, member of Parliament, past 
Private Secretary to three Prime 
Ministers and Director of Foundry 
Equipment Ltd. The entire foundry 
industry was shocked to learn 
Thursday morning of the death of 
Alex Pirrie, national AFS director 
from Canada, who had so ably 
toastmastered the Canadian dinner. 








Sand Division Dinner featured talk 
by Clyde A. Sanders on European 
methods and film on automated 
molding and pouring. Hoyt Lectur- 
er Walter Remmers (right) outlined 
the future of silicon. 


@ COMMITTEES—A great deal 
of the success of the 62d Castings 
Congress & Show should be credit- 
ed to the members of the various 
committees sponsored by the AFS 
Northeastern Ohio Chapter. 














Ladies Program opened with Tea. Left to right, Mrs. Jeter, Mrs. 
Barczak, Mrs. Dietert (pouring), Mrs. Durdin and Mrs. Sibbison. 
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REPORT on the SHOW 


In move toward mechanization and modernization castings industry 
creates buying spree at Cleveland 


“Sold to - ———— Foundry” 
t was the emblem of success that 
hung from practically every piece 
of equipment on display at the big 
AFS Show in Cleveland. Exhibi- 
tors, skeptical of finding customers 
in a slow period of foundry busi- 


ness, were overwhelmed with an 
unprecedented number of buyers. 

One company sold its entire ex- 
hibit, $100,000 worth of equipment 
the first day of the show and trip- 
led its sales before the week’s end. 
\ shell core-blowing manufacturer 


wrote-up a half million dollars 
worth of business during the week. 
Exhibitors were almost unanimous 
in praising the quality of the foun- 
drymen touring the show. Casting 
producers had sent only their best 
men with one key thought in mind 


Baroid featured Bentone binders. 


Hickman, Williams is 68 years old. 


—modernize and mechanize for the 
future. 

Most of the exhibitors unveiled 
new products or new designs to 
meet the needs of small and large 
foundries for producing castings 
faster—cheaper—and better. 





Dexocor binder for all cores. 


Apex distributed technical data. 





FERROCARBO CARBORUNDUM 
: r . 


Ferrocarbo aids machineability. U. S. Gypsum epoxy patterns. 
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Oliver universal pattern mill. 


Light-weight “easy-off” flasks. 


Pittsburgh and subsidiaries are malleable shot and grit producers. Superkoat, for shell cores, penetrates and coats hot or cold cores. 


Magnafiux can find hard spots. The coke with the | t sulfur. ‘ 
9 ; wiles tee esis nef pegs ericten! Hi-Flex cast aluminum flasks use special pivot pin for custom fit. 
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Lectromelt arc furnace model. 


Eastern Clay Products demonstrated redesigned Taconne molding machine. A-D-M’s improved core blower. Showing a new carbon additive. 


Sterling National introduced an aluminum “squeeze-in” bottom board. 
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Multiductor induction furnace. Dependable’s shel! core blower. 


Union Carbide demonstrated the merits of new refined charge chrome. 


ra ~*~ 
bis ce esa ae: 





ELECTRO METALLURGICAL COMPANY 
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Brown Fintube hot blast units. 








Link-Belt sand handling system using oscillating and belt conveyors. 


| UPPER LAKESIDE HALL 


Pneumatic sand handling system. B&P stack blowing and CO: unit. 


Hough featured new H-25 model. TV in the Modern Equipment booth. Pekay displayed equipment for rapid cooling and aeriating of sand. 
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Whiting water-cooled cupola FOSECO showed complete line. 


Prospective buyers interview salesmen in the Spo and Coleman booths. Jeffrey electric vibrators. Plant design by Lester B. Knight. 


National Engineering unveiled low pressure air conveyor for sand. FE North American introduced line of British-built molding machines. 


~ 








@ The AFS national nominating 
committee presented recommenda- 
tions for new officers and directors 
at the business meeting May 21; 
the nominations were unanimously 
approved. 

Lewis H. Durdin, Dixie Bronze 
Co., Birmingham, Ala., is the new 
national president; Charles E. Nel- 
son, Dow Chemical Co., Midland, 
Mich., was elected vice-president. 
Harry W. Dietert, Harry W. Diet- 
ert Co., Detroit, immediate past 
president, will remain on the board 
of directors for one year. 

The AFS board of directors con- 
sists of the president, vice-presi- 
dent, immediate past president and 
21 others. Six board members are 
elected at the annual meeting to 
serve terms of three years each. 
One member is appointed annually 
by the board. Clyde A. Sanders, 
American Colloid Co., Skokie, II1., 
was appointed to the board of di- 
rectors at the director's meeting in 
February. 

The six newly elected directors 
are: 

David W. Boyd, Engineering 
Castings, Inc., Marshall, Mich. 

T. W. Curry, Lynchburg Foun- 
dry Co., Lynchburg, Va. 

R. R. Deas, Jr., Hamilton Foun- 
dry & Machine Co., Hamilton, 
Ohio. 

Jake Dee, Dee Brass Foundry, 
Houston, Texas. 

Webb L. Kammerer, Midvale 
Mining & Mfg. Co., St. Louis. 

H. M. Patton, American Hoist & 
Derrick Co., St. Paul, Minn. 





C. A. Sanders 












REPORT of AFS ELECTIONS 





L. H. Durdin C. E. Nelson _ H.W. Dietert 
Newly elected AFS president Elected to vice-president Remains on board for one year 


D. W. Boyd T. W. Curry R. R. Deas, Jr. 





Jake Dee W. L. Kammerer H. M. Patton 
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REPORT on CASTINGS TECHNOLOGY | 


Meet the foundrymen responsible for creating 
the new technology that helps keep the industry competitive 





Many of tomorrow's routine the following AFS Technical Divi- and Plant Equipment, Industrial physical properties than conven- 

foundry practices were pre- sions—Sand, Pattern, Steel, Gray Engineering and Cost, Manage- tional quench and temper treat- 
viewed as advanced metalcasting Iron, Malleable Iron, Ductile Iron, ment, Noise Control and Radiation ments. . . . Plastic patterns can be 
technology in the 94 papers pre- Light Metals, Die Casting & Per- Protection. designed rugged for use on _ jolt- 
sented during the 62d Castings manent Mold and Brass & Bronze. Some of the significant advances squeeze or diaphragm molding ma- 
Congress. A total of 140 authors Sessions were also organized by the revealed during the Castings Con- chines at one-half the cost of metal 
contributed their experiences to the following Committees: Fundamen- gress were—Salt bath heat treat- patterns . . . Surface defects on 
37 technical sessions sponsored by tal Papers, Heat Transfer, Plant ment of malleable iron yields better low-carbon and low-alloy steel 





AFS Gold Medal Award winners, left to right, W. W. Maloney, H. J. Board of Awards Chairman, E. W. Horlebein, left, presenting AFS Awards 
Rowe and R. A. Clark, receive congratulations from E. W. Horlebein. of Scientific Merit to M. H. Horton, K. H. Priestley and F. B. Rote. 










Speakers and officers of Sand Newest AFS technical division, Ductile Iron, is Opening Light Metals Session discusses reactive 
Session—Steel Casting Molds. chaired by C. W. Gilchrist, seated, far left. metals; R. E. Edelman, seated, right, presiding. 


36 - modern castings 





FOR TOMORROW 


castings in shell molds can _ be 


eliminated by using molds made 
with forsterite or blends of granu- 
lated limestone and silica sand . . . 
Water cooling electric furnace shell 
lengthened arc furnace refractory 
life to 331 heats . . . Scrap titanium 
can be remelted by induction fur- 
nace and cast with properties ap- 
proaching that of forgings . . . The 
complete explanation of these and 
many more discoveries are avail- 
able in official technical papers 


which appear each month in the 
Transactions Preview department 
of Mopern CASTINGS. 

As usual Shop Courses proved so 
popular that five were scheduled- 
two Gray Iron, two Malleable and 
a Sand Shop Course. Seven Round 
Table Luncheons broadened the 
scope of the technical program. 

The important conclusions 
reached in some of the technical 
papers presented at the Congress 
appear on pages 120-127 and 138. 


oe 


Service Citations for outstanding contributions were awarded by 
E. W. Horlebin, right, to E. T. Kindt, Fred Sefing, Frank Brewster. 


Malleable shop course officers and authors. 


Authors and chairmen 
met daily at breakfast to 
outline activities and 
make final arrangements 
for division meetings. 


Malleable shop course 
speaker L. R. Jenkins 
flanked by presiding 
officer, Truckenmiller 
and chairman, Welander. 


Management Luncheon, 
C. E. Westover presiding, 
featured two speakers, 
R. B. Parker, center, 
R. Monsalvatge, right. 


T. E. Norman address Steel Division session. 





Pattern Division group plans Monday meeting. 
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This article is a report on some 

of the developments witnessed in 
at least 80 foundries abroad during 
a recent three-month intensive 
study of foundry operations in 
eight European countries. If one 
observation could be made from 
these experiences, it would be this: 
that foundry developments in Eu- 
rope have resulted from funda- 
mental studies of science and 
engineering, whereas in contrast 
American foundrymen have con- 
centrated more on plant expansion 
and mechanization. Perhaps this 
is why so many American foundry- 
men on going abroad have looked 
in vain for the European counter- 
part of the “concrete and steel jun- 
gle” of plant and equipment so 
familiar in this country. In Europe 
the real developments in foundry 
practice are going on behind closed 
laboratory doors, not on the mold- 
ing floor. 

Many of the developments seen 
abroad are not even widely known 
throughout Europe because the 
American way of free interchange 
of information through such organ- 
izations as the American Foundry- 
men’s Society is not the European 
way. Startling developments are 
taking place on the continent and 
in England, many of them “closed 
secrets” and revealed only on pro- 
mise that they would neither be 
photographed nor discussed. Never- 


Cores are rammed with slinger by 
F. H. Lloyd & Co., Staffordshire, Eng. 
F. N. Lloyd, F. H. Lloyd & Co. 


OF EUROPEAN FOUNDRIES 


How is Europe making important 
advances in the science of metalcasting? 





Scale model of George Fischer Ltd. automated foundry in Switzerland. 


theless, technological progress in 
Europe on engineering and scien- 
tific fundamentals of metal casting 
must cause an American observer 
to pause and reflect. 

If our foundries, like our edu- 
cational institutions, turn their 
thoughts to the same basic princi- 
ples that are being studied in foun- 
dry circles abroad, developments in 
metalcasting in the next 15 years 
could again revolutionize the entire 
American foundry industry. 


Research and Development 


There appears to be more na- 
tional research development data 
and free technical literature avail- 
able to foundrymen on this side of 
the Atlantic than in Europe but 
more individual foundry research 
going on in Europe. The results of 
many research problems in Europe 
may be available only to that com- 
pany, or companies, sponsoring the 
research. 

Most European companies em- 
ploy a technical staff of the highest 
calibre and have foundry labora- 
tories far ahead of North Ameri- 


can facilities. The European lab- 
oratory constantly makes a greater 
effort to become perfect, whereas 
we are more apt to hasten projects 
toward production. 


Pattern Design 

Design engineers work closer 
with the pattern shop in Europe 
than in North America. The major- 
ity of European foundries attempt 
to settle most production problems 
in the pattern shop. In general 
more of the administration staff is 
concerned with planning in the 
pattern shop than corrections in the 
foundry. It appears that the pat- 
tern foreman or supervisor influ- 
ences management more than the 
foundry supervisor. 

Patterns are modified as required 
to aid production problems. In cer- 
tain cases is was observed that the 
foundry did not have as close a 
liaison with the customer as the 
pattern shop. All ills seem to be 
cured in the pattern shop. In this 
country the pattern shop is not as 
close to management. Also it is 
more common to depend on out- 









C. A. SANDERS Vice-President 


American Colloid Co. 


Skokie, Ill. 





side pattern shops to produce pat- 
terns for the foundry. 

American foundrymen are often 
guilty of bragging about the high 
productivity achieved in U.S. foun- 
dries. However, Europeans can 
match our superlatives when it 
comes to a comparison with the 
George Fischer Ltd. automated 
foundry in Schaffhausen, Switzer- 
land. American foundries would 
have difficulty meeting the produc- 
tion rate of this malleable foundry. 
Automatic molding machines pro- 
duce approximately 300 molds per 
hour, a total of approximately 2400 
molds per eight hours! The flask 
size used is 22x27 in. and 6-12 in. 
in height. Pattern plate is approxi- 
mately 600 sq in. in area. 


Automation 

When one observes the com- 
letely automatic system for adding 
both facing and backing sand to 
flasks, he is quick to recognize the 
European’s ability and ingenuity. 

Copes and drags are automati- 
cally jolted and squeezed and pass- 
ed to the conveyor stations without 
the aid of a molder. There the cores 
are set manually. The number of 
hands at this station depend on the 
number of cores to be placed in 
the drag. The flasks are closed and 
weights automatically placed on 
them before they pass to the auto- 
mated pouring conveyor station. It 
was fascinating to watch ladles 
traveling parallel to the conveyor 
line, find their place under the re- 
servoir holding ladle, and gear 
themselves automatically into the 
conveyor system ready for pouring. 
Metal is weighed as it is tapped 
into ladles. Rapid pouring at a con- 
stant height above the mold is 
made possible by a planetary sys- 
tem of ladle mounting. 

After molds are poured they pass 
to the cooling area where shakeout 
time is varied by an ingenious rol- 
ler conveyor system. 





Only 9 men are needed to oper- 
ate this fantastic mechanized foun- 
dry. It is amazing to see how this 
company has integrated all the 
plant operations—sand cooling, pre- 
paration and handling; molding; 
pouring and shakeout. 


Mechanization 

New equipment is gradually be- 
ing introduced into the European 
foundry but many companies have 
not been fully convinced that 
equipment will solve their problem. 
They are still considering the most 
effective method to produce cast- 
ings in their foundry and do not 
want to make a hasty, incorrect 
decision. 

[ believe the European has yet to 
recognize the full possibilities of 
two prominent pieces of equipment 
used extensively in the States, 
namely the sand slinger and core 
blower. Because there is an abun- 
dance of craftsmanship, some com- 
panies have not taken advantage 
of these work-saving devices. An 
exception to this is the use of 
small sandslingers by F. H. Lloyd 
& Co., Staffordshire, England, to 
ram cores with oil or clay-bonded 
sand. Each slinger serves two roller 
conveyors. Core box, complete with 
iron, is delivered to slinger from 
rear. Rammed box moves forward 
for stripping. This practice saved 
as much as 75 per cent time over 
conventional ramming. Where 
mechanization has been adopted it 
appears to be equal to any of ours 
and receives more preventive main- 
tenance care. 

It was strongly noticed that in 
general, European foundries lack 
the art of servicing production 
molders. Their molders are not 
provided with a steady supply of 
sand, cores, flasks, bottom boards 
and other materials. European visi- 
tors to this country are invariably 
impressed with the smooth flow 
of materials to and from molding 
stations. 


Sand Handling 
There has been a decided in- 


crease lately in sand-handling 
equipment purchased. Foundries 
installing a sand slinger have found 
it necessary to use a system con- 
taining elevators, conveyors, stor- 
age hoppers and mullers to proper- 
ly service the slinger. Several small 
stationary sand slingers with draw- 


type arms were in use for ramming 
small molds. 

More European smaller foun- 
dries realize that if they pay mold- 
ers wages they must eliminate the 
molder from doing common labor 
chores. By adding an elevator with 
two hoppers which feed sand to 
the molders, labor is reduced, 
molding becomes less tiring and 
time spent performing molding 
operations increases. 

A few European foundries visit- 
ed had elaborate sand-handling 
equipment. One in particular had 
more dust control in evidence 
around the sand conditioning plant 
than ever seen in United States 
foundries. The equipment was spot- 
less and not a single operator was 
seen on the sand-handling plat- 
form, The operator was actually 
located in an air-conditioned room, 
operating a large control panel 
board. A well-lighted, control- 
board panel showed the location 
of sand and all raw materials as 
they passed through the system. 
The operator could mull and trans- 
port a batch of molding sand to 
any location in the foundry quickly 
and efficiently. 

It reminded the writer of a large 
railroad dispatcher’s control panel. 
Even a person unfamiliar with the 
foundry could manipulate the 
switchboard correctly and observe 
the raw materials being assembled, 
mulled and delivered to the mold- 
ing stations. This lighted panel 
board could be read as throughly 
as an engineer reading a blueprint. 

As in North America, there is 
not enough sand storage in Europe- 
an foundries. Perhaps money is 
spent for molding machines and 
production equipment before the 
need of ample sand storage is con- 
sidered. Lack of hopper capacity 
is the chief reason for undesirably 
hot sands within North American 
foundries. This shortcoming is be- 
ing recognized and rectified in re- 
cent European installations. 

Many monorail sand systems 
were employed in Europe for de- 
livering molding sand to molding 
stations. Servicing the molding pro- 
duction stations is still a European 
problem which will eventually be 
solved. Pneumatic sand handling 
is not yet popular but will proba- 
bly be used more in the future 
because of the small size of most 
overseas foundries. 


For the most part sand recla- 
mation equipment is used only in 
a few large mechanized shops. It 
is believed that productivity equip- 
ment will be purchased before rec- 
lamation equipment. 


Molding and Molding Sands 


European foundries use more 
naturally bonded sand than the 
average North American foundry. 
Even many of the steel foundries 
are still utilizing naturally bonded 
sands. However, their steel casting 
success is due to the considerable 
attention given the mold. A great 
amount of nailing and coating is 
usually required. 

Considerable loam molding for 
large cylinders and pipe is used. 
A brick framework is added to the 
rear of the loam and sweeps are 
used to form the mold contour. 
Where loam is used, and even in 
some foundries where dry sand is 
used with naturally bonded sands, 
an amount of chopped straw is 
added to help eliminate sand ex- 
pansion defects and to overcome 



























Control panel for sand handling at 
English Steel Corp., Sheffield, Eng. 


Dr. C. J. Dadswell and R. Wright, 
English Steel Corp. Ltd. 


certain surface defects. These foun- 
dries also use a vast amount of 
chill nails. 

Their molding sand, in general, 
is weak; so many bars, rods and 
gaggers are employed. 

The European tends to use more 
dry sand. He reasons that it is 
safer and a better guarantee of a 
good casting. He realizes molding 
is expensive and should not be re- 


Water and air coo! sand at George Fischer Ltd., Schaffhausen, Switz. 
Dr. Franz Hofmann, Geo. Fischer Ltd. 










































peated. Therefore, he relies on dry 
sand molding as a form of insur- 
ance. 

Sand used for synthetic (com- 
pounded) mixtures is usually 
stained with a natural iron oxide. 
This does not condemn the sand, 
but rather improves its working 
qualities on certain castings and 
saves money in purchasing iron ox- 
ide. Most of the leading European 
foundries that employ synthetic 
(compounded) sand mixtures claim 
that better results are obtained 
when the molding sand is used at 
room temperatures. Sand coding 
devices using water and air to cool 
and dry system sand are popular. 
(Note Fig. 8.) Many use green 
compression strengths above 10 psi 
measured with standard Europe- 
an equipment. Most mixes have 
low permeabilities, less than 50 
cc’s per min. 

On an average, European found- 
ries use more new sand than North 
American foundries. They claim it 
is a safety factor to insure the 
pattern is well covered with all 
new facing sand when making the 
mold. 

Contrary to certain opinions over 
here, one successful European 
foundry uses a base sand that con- 
tains as much as 25 per cent feld- 
spar. It is a compounded sand 
grain and absorbs as much as six 
per cent water for proper temper. 
With six per cent coal dust (sea- 
coal) and six per cent bentonite, 
it produces a casting as faultless 
as the writer has ever seen. 

Many foundries are vacuuming 
the mold instead of blowing it out 
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Note casting model on pattern which is being 
placed on bed of “compo” at Eng. Steel Corp. 




















Applying “Chamotte paint” to “compo” mold for a 185 long 
ton crosshead casting in the foundry of Eng. Steel Corp. Ltd. 


Dr. C. J. Dadswell and R. Wright, English Steel Corp. Ltd. 


with an air hose. Less inclusions 
in the metal as well as less dam- 
age to the mold surface results 
when vacuuming the mold is sub- 
stituted for the blast of an air 
hose. 


Olivine Sand—Zircon Sand 


In certain Scandinavian coun- 
tries olivine sand is in use but 
not to the degree anticipated. It 
appears that zircon sand is a su- 
perior product. Evidently silica 
sand is equal to olivine and may 
be preferred, if there were no 
health laws or controls against the 
use of silica sand. However, where 
manganese steel is cast, olivine 
sands are doing a capable job. Eco- 
nomics again is the deciding factor 
in this selection. A considerable 
amount of zircon sand is being used 
in Europe but chiefly in the cast- 
ing of steel. 


Molding Sand Activities 


The Europeans favor naturally 
bonded sands, fire clays and ben- 
tonites as molding sand _ binders. 
Some European calcium bentonites 
are treated with various alkalis and 
are being substituted for the Wy- 
oming bentonites. Where they work 
properly they are considered to 
have an economic advantage over 
Wyoming bentonites. Some found- 
ries, however, state this is false 
economy and do not care to use 
treated bentonites. The difference 
in initial cost is not always equal 
to the difference in the fettling 
(cleaning) room. 

Not as much iron oxide is used 


in Europe as in North America, 
but more dextrine is used than 
corn flour. Lignin sulphite liquors 
and other waste products from the 
paper industry are.also popular. 

Few of the unknown compound- 
ed foundry materials are added to 
molding sands, but certain ground 
coal dusts blended with clay are 
being used. 


Compo and Chamotte Molding 


When an American visits Europe 
and realizes that most of the mold- 
ing processes came from Europe, 
he expects to see more of them 
in operation. The Randpuson ce- 
ment process, compo molding, 
chamotte molding, the Croning 
process, the lost-wax process, in- 
vestment molding, the COz proc- 
ess and numerous others originated 
in Europe but their use is not as 
widely spread as in North Amer- 
ica. Only chamotte and compo 
molding are more in evidence. 

Compo and chamotte molding 
are certainly not new processes but 
they are found throughout Europe 
for making large steel and gray 
iron castings. As stated previously, 
many heavy steel and gray iron 
foundries still employ an abun- 
dance of naturally bonded sand. 
Both compo and chamotte are gen- 
erally used to replace naturally 
bonded sand for the casting of 
such heavy work, principally in the 
steel foundry. Compo and chamotte 
seem to be less sensitive to thermal 
shock from molten metal. Compo, 
in general use, is composed of ap- 
proximately 70 per cent crushed 







scrapped firebricks, 15 per cent 
crushed chamotte grog, 14 per cent 
ground plastic fire clay and one per 
cent foundry blacking (graphite). 
A high temper water is added, 
equalling approximately ten per 
cent by weight. 

Chamotte is usually a_ bauxite 
clay that has been pre-fired and 
calcined at about 1450 C. The re- 
fractory chamotte has a low appar- 
ent porosity. The chamotte grog 
should not break down into fines 
during crushing. It is screened and 
handled the same as silica sand in 
North America. Sand distribution 
is carefully considered in the prep- 
aration of this aggregate. 

The mechanical testing proper- 
ties for foundry use are similar to 
those of silica sand mixtures. Per- 
meability is usually over 100, green 
compression strength usually over 
10 psi, dry compression strength 
generally over 200 psi. 

All molds made with these ma- 
terials generally receive a cham- 
otte or an alundum coating. The 
chamotte coatings vary in formula- 
tion but are approximately 80 per 
cent, or more, chamotte fines bond- 
ed with 10 per cent, or more, plas- 
tic fire clay. Certain other addi- 
tives are used such as lignin sul- 
phite liquors. 

The best alundum mold paint 
observed was one containing 110 
lb of alundum fines, 18 lb of ground 
plastic fire clay, 2 lb of western 
bentonite, 2 lb of dextrine with 
water to suspend. Approximately 
eight to ten gallons of water were 
used. 

It is believed this ceramic type 
of molding should be further con- 
sidered by North American found- 
ries for casting certain large steel 
or gray iron castings. 


CO. Process 


A considerable amount of COz 
molding is being employed, prob- 
ably more so than other of the 
new methods. In common use are 
two new automatic COz machines 
which blow and gas set the cores 
automatically. 

Always economy conscious, the 
European has developed a unique 
technique in which a vacuum, or 
partial vacuum, is created in the 
core or mold boxes prior to gassing. 
After COz treatment the excess gas 
is recovered. Saving this COz in- 
troduces an economy into the op- 


















eration, as well as hardening the 
core more uniformly. 

While visiting Dusseldorf, it was 
noted that a Congress was being 
held for Croning Process licensees. 
Some 150 foundrymen from six 
countries were in attendance. Opin- 
ions on shell molding expressed 
by those present were: “It is a good 
method to cast complicated pat- 
terns.” “If it eliminates one or two 
cores, then it should be consid- 
ered.” “For complicated castings 
such as air-cooled cylinders with 
deep fins, that normally might be 
made in an oil sand core, it may be 
adopted.” “Unless this process eli- 
minates 100 per cent machining in 
certain critical areas, it might be 
too expensive.” 

The shell process is used most 
widely for coremaking. Royalty 
charges probably prohibit more 
European foundries from accept- 
ing this process. The European is 
sensitive to economic conditions 
that affect casting costs and care- 
fully surveys the effect on the sell- 
ing price of the casting. 


Sand Control Testing 

The European is more inclined 
to treat sand control as a tool of 
research and development, where- 
as the North American directly 
controls production from the sand 
laboratory. There are exceptions to 
this statement, as some of the larg- 
er operating foundries in Europe 
have carried sand control beyond 
a point of the laboratory and have 
actually developed their own sand- 
testing equipment. 

A test widely accepted in Eu- 
rope is the Shatter Index Test. In 
the test a rammed specimen drops 
6 ft to an anvil on a 1/2-in. 
screen resting on base of apparat- 
us. All particles falling through the 
screen are removed and the per 
cent remaining on the screen is 
the shatter index. There is a close 
relationship between green com- 
pression strength and shatter in- 
dex for mixes with clay binder 
only. Organic binders rapidly in- 
crease the plasticity and therefore 
affect the shatter index consider- 
ably. There is much data estab- 
lished between shatter index test, 
sand grain size, grain size distribu- 
tion and other compaction data. 

Only a smaller percentage of 
European foundries use pop-off 
flasks or snap flasks. Tight metal 





flasks were being used instead. 
These flasks are built so rugged 
and are so heavy that handling 
tires the molder. In many cases 
these heavy steel flasks could only 
be manipulated by two operators 
when assembling the mold. Most 
flasks were cast from the metal 
being poured in the foundry. Not 
enough perforated metal flasks or 
lighter alloy flasks are in use. 


Flasks and Bottom Boards 


The thin slip flask was not wide- 
ly used in Europe. Tapered box- 
less molding is claimed to have 
more difficulties for simplification 
of molding problems and for that 
reason it has lacked acceptance. 
Molds are sometimes handled many 
times. There is usually not suffi- 
cient room to handle too many 
molds, therefore they favor tight 
flasks. 

Several companies were employ- 
ing the use of old rubber tires to 
roll over heavy flasks and prevent 
the molds from being mistreated. 
Rubber tires appear to act as a 
better cushion than wooden posts 
and last longer. 

Several economy-minded Europe- 
an foundries were protecting bot- 
tom boards by painting them with 
various solutions. To prevent burn- 
ing of wooden bottom boards so- 
dium silicate was painted over the 
boards. While still wet a very light 
coating of fine silica sand or silica 
flour was dusted over this sodium 
silicate. Drying bonded the refrac- 
tory protective coating to surface 
of boards. 

Also, on larger flasks certain 
foundries had made bottom boards 
from angle iron. One-half inch 
angle iron strips were welded ap- 
proximately l-in. apart to an out- 
side border of l-in. angle iron. A 
man could handle and easily stack 
these large steel bottom boards. 
Their service life was excellent. 

Space limitations have required 
that this article be limited to a 
discussion of ideas and observa- 
tions made on the subject of sand 
molding, handling and preparation. 
Some of the more spectacular Eu- 
ropean developments observed but 
not discussed concern the direct- 
reduction of iron ore to molten iron 
or steel; levitation melting and 
zone refining; inert gas welding; 
vacuum-are melting; and vacuum- 
stream degassing. 


“ 


One of the most pleasant aspects 
of visiting foundries in another 
part of the world is the knowledge 
that foundrymen are the same, re- 
gardless of where they work. There 
is no foundry language barrier, dis- 
cussions of cast metals being the 
same in all languages, with ges- 
tures a universal “tongue” in any 
country. A warm welcome always 
results when foundryman meets 
with foundryman. 

The writer is deeply indebted 
to the courtesy and freedom of 
discussion accorded him wherever 
he went in Europe. The frontier 
barrier is ever present and neces- 
sarily prevents the ready dissemi- 
nation of many technical advance- 
ments. Size, traditions, geographical 
position and changing languages 
naturally affects still further the 
rapid spread of foundry informa- 
tion as we know it in the United 
States. American foundrymen 
should realize, however, that Euro- 


The George Fischer universal sand testing machine is a versatile unit 
for performing compression, tensile and transverse tests. 





Dr. Franz Hofmann, Geo. Fischer Ltd. 


pean foundrymen do not consider 
themselves or their practice infe- 
rior to our own; in fact, in tech- 
nological progress the foundries of 
Europe are indeed preparing for 
and looking forward to a bright 
future. 





































The Ridsdale Shatter Index Tester 
was developed by Ridsdale & 
Co., Middlesbrough, Eng., for 
green sand testing. 
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Diagram of Cadil- 
lac cupola boring 
injector shows es- 
sential components 
of installation used 
to melt loose chips. 



































































































































CADILLAC shoots 
CAST IRON CHIPS 
into the CUPOLA 


New boring injector installed 
to utilize low-cost machine-shop 
turnings in Detroit automotive foundry. 


Air line, right, leads to Roxy valve on the left. 


. 


The injection of metal chips, or 

borings into the cupola melting 
zone by the use of compressed air 
is an innovation in the melting of 
iron that merits close examination. 

This development is another 
product of German ingenuity in 
foundry practice and technique. 

The first such installation in this 
country is now being evaluated 
in the foundry of the Cadillac Mo- 
tor Car Division, GMC, Detroit. 

In brief, batches of cast iron 
chips are blown at regular inter- 
vals into the cupola through a spe- 
cial port located and attached to 
the cupola shell at a height from 
the tuyeres approximating the up- 
per level of the melting zone. It is 
reported that less coke is needed 
because heat is transferred more 
efficiently to borings than to cast 
scrap. Because of their great sur- 
face area, borings melt in a few 
seconds in contact with incandes- 
cent coke. 

The basic components of the 
Cadillac installation are: 

1) A hopper on the charging 
floor into which chips are 
dumped. 

A vertical pipe, 10-in. diam- 
eter, leading down to a spe- 
cial valve, called a ROXY. 
ROXY valve which controls 
the shooting action that de- 
livers an accurate quantity 
of chips into the cupola. 

4) High-pressure air line, timer 
and solenoid valve integrated 
to supply quick shots of air 
at regular intervals. 

Port leading from the ROXY 
valve, through cupola lining, 
to melting zone. 

A fork truck dumps chips from 
steel toter boxes into hopper on 
charging floor. 

The hopper funnels the chips in- 
to a 10-in. diameter vertical pipe 
adjacent to the cupola. The pipe is 
16 ft long, terminating at the ROXY 
valve and holds about 1000 Ib 
of cast-iron chips. 

Currently from 5 to 10 per cent 
of the charge is being injected in 
the form of cast-iron chips. Each 
shot weighs 7 to 9 lb. The driving 
force behind this 7 to 9-lb batch of 
chips is compressed air at 140 psi. 
A 2-in. pipe delivers this air to back 
of valve. 

The frequency of shots may be 
varied from one every three sec to 
one every 10 sec. 


bo 


3 


ut 
—S 





At front of ROXY valve is a 
clapper-type valve. This valve is 
held closed by compressed air in- 
troduced in front of it at same 
pressure as cupola blast. Air stays 
on all the time and keeps hot cu- 
pola gases from entering and dam- 
aging the ROXY valve. When the 
high-pressure air line is opened 
every eight sec, sudden surge of 
excess pressure flips the clapper 
valve open and drives the chips 
into the cupola. The high-pressure 
air is cut off almost instantly by 
solenoid actuated valve. Low-pres- 
sure air line in front of clapper 
valve quickly slams it shut. 

When the market value of chips 
is $58 per ton and pig iron and 
scrap are being quoted around 
$58 per ton, differential of $20 
exists on every ton of chips con- 
sumed with 20 to 30 tons of cast- 
iron chips being used per 16-hr 
day, a savings of $400 to $600 a 
day is possible in raw material 
costs. 

The equipment required for the 
operation and the installation per 
unit is relatively inexpensive—total 
cost less than $4500. 

The availability of scrap could 
be an important factor that might 
influence your decision in such an 
installation. If your foundry is in 
an area where heavy melting scrap 
is scarce and expensive but ma- 
chine shops are generating a copi- 
ous supply of cheap turnings, an 
injector may prove a profitable ad- 
dition to your cupola. 






Injector mounted on cupola. 
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A relatively simple steam treat- 

ment of gray iron can literally 
“toughen the hide” on your cast- 
ings against corrosive attack. 

Steam treatment, usually fol- 
lowed by a dip in an oil or wax 
base rust-preventative, has been 
found highly effective and can of- 
ten replace cadmium plating or 
other costly chemical surface treat- 
ment. 

There are hundreds of uses for 
cast iron where a high degree of 
resistance to corrosion is extremely 
important. 

The valve bodies in Fig. 1 are 
an interesting example. They are 
used in pneumatically-operated 
sanders which deliver controlled 
amounts of sand under the wheels 
of trains, street-cars or trucks to 
improve traction. Because of ex- 
posure to weather they must be 
highly corrosion-resistant. To ob- 
tain information on the effective- 
ness of steam treating these parts, 
sample lots were sent to an inde- 
pendent accredited testing labora- 
tory for salt-spray tests according 
to A.S.T.M. standards. The valve 
on the left was cadmium plat- 
ed, the one on the right, steam 
treated and dipped in one of the 
proprietary rust-preventatives. The 
valve on the left is shown as it 
appeared after 240 hours of the 
salt-spray test; the one on the right 
after 504 hours, at which time the 
test was stopped. 


Fig. 1 . . Corrosion resistance of steam treated valve, 
right, is superior to cadmium plated sample, at left. 


Steam Treating Cast Iron for 


CORROSION RESISTANCE 


Steam treatment coupled with rust-preventative 
dip can replace chemical surface treatment 


Philadelphia 






F. L. SPANGLER and M. E. Lackey 
Leeds & Northrup Co. 





Fig. 2 . . Steam treated valve plugs withstand 
salt spray test for 72 hours without any oil dip. 


The valve plugs in Fig. 2 are 
another example. They are steam- 
treated at 1200 F for 2 hours, then 
cooled and sent to the assembly 
shop where they are mounted into 
valve bodies with oil-impregnated 
packing. A.S.T.M. standard salt 
spray tests showed resistance to 
corrosion for 72 hours without oil 
dip. 


Seals Microscopic Porosity 


In applications where pump and 
valve bodies must withstand inter- 
nal pressures from a liquid or gas, 
it becomes necessary to seal the 
casting against microscopic poros- 
ity to prevent leakage under op- 
erating conditions. Steam treatment 
has proved an effective, inexpen- 
sive solution to this problem and 
at the same time gives the part a 
pleasing, uniform, blue-black finish. 


Preventing such porosity was the 
problem which initially led the 
manufacturer of the valves in Fig. 
1 to install a steam-treating fur- 
nace. Rejects as high as 20-30 per 
cent due to porosity were not at all 
uncommon. Using the steam treat- 
ment, rejects because of porosity 
now run less than 1 per cent. Esti- 
mated savings on 1200 to 1500 parts 
is $1000. 


Improves Wear Resistance 


Parts such as cast iron cams and 
bearings, valve tappets, pistons and 
piston rings derive better wearing- 
in properties from steam treatment. 
The cast iron automotive parts in 
Fig. 3 formerly required a chem- 
ical surface treatment for proper 
lubricating quality. Now this is ob- 
tained through steam-treating. 

A tough, micro-thin, oxide-film, 





FesO:, deposited on all exposed 
surfaces of the casting during the 
steam treatment, is responsible for 
these benefits. This tightly adherent 
porous film retains lubricants and 
helps cushion parts while they lap 
into perfect fit during the breaking- 
in period. It also has, in itself, a 
high degree of corrosion resistance 
and its ability to retain lubricants 
enhances this characteristic as well 
as providing anti-frictional sur- 
faces when the part is in service. 

Equipment for the steam-treat- 
ing process is safe, clean and easy 
to operate. An air-tight, forced- 
convection type furnace; a panel- 
mounted, automatic temperature 
controller and a reliable source of 
steam from a small generator or 
regular plant steam lines are all 
that are required. 


Fig. 3 . . Lubricating quality of cast- 
ings is improved by the treatment. 




















Auto Winners Named 


Winners of the three automo- 

biles given away in the drawing 
conducted by AFS at the AFS 
Show in Cleveland have been an- 
nounced. The winners and the au- 
tomobiles they won are: 

Plymouth. Bryan McPherson, as- 
sociate metallurgist, Southern Re- 
search Institute, Birmingham, Ala. 

Mercury. Stanley Subko, super- 
visor, Burnside Steel Foundry Co., 
Chicago. 

Pontiac. J]. M. Kelly, Westing- 
house Electric Corp., Trafford 
Foundry, Trafford, Pa. 

The winners’ names were the first 
three drawn from the simulated 
cupola in which the contest en- 
trants placed their entry cards. The 
cards were mixed by an air blast 
in the cupola which was designed 
by Harry E. Gravlin, Chrysler 
Corp., Dearborn, Mich. 


Wm. W. Malon- 
ey announcing 
names of car 
winners drawn 
from cupola by 
Harry Keegan, 
left. A. B. Sinnet 
is at right. 


+ modern castings 


B. McPherson, left, is congratu- 

lated by Wm. W. Maloney. 

The order in which the cars 
were awarded was determined by a 
separate drawing. 

The drawings were conducted by 
AFS General Manager Wm. W. 
Maloney, and Assistant Secretary 
A. B. Sinnett. The chief guard of 
the Cleveland Public Auditorium, 
Harry Keegan, drew the winning 
names from the cupola. 





Lucky foundry 
men drove these 
three automo- 
biles away from 
AFS Foundry 
Show in Cleve- 
land. 


1958 


TRANSACTIONS 


PREVIEW 


Rigging Design of High Strength Magnesium Alloy Castings 
by M. C. Fiemincs, R. W. Stracuan, E. J. Pornter and H. F. 
TAYLOR 45 


Sintered Alumina Molds for Investment Casting of Steels 
oy 7. ©. Ouosorar and BT. WOvARNce vo... Ss. ci vnc 51 


Carbon Dioxide Cores in a Malleable Foundry 
by G. Nestor 


Problems Encountered in Casting Reactive Metals 
by W. A. Ascuorr and D. H. Buar ... 


The Problem of Hot Molding Sands 
by R. W. Herne, E. H. Kine and J. S. ScouMACHER 


Steel Scrap Specifications for Duplexing Cupola White Iron 
Oe 2a es, CE ns co wr: Hike bee SOE oP eee 72 


~ 


The Chemical Treatment of Copper Alloys 
DD, PFs CNN 5 06 yetbbe ss gatewee de sives i ine yed 75 


Sieve Ratios and Processing for Strong Molding Sands 
by J. Parisi, O. C. Nurrer and C. MIcHALowsk1 


An Improved Design for Cast Tensile Bar Molds 
ey. RMU TNE Ovi. side os ve ee eo 8 oe bes ees 88 


The Effect of Some Gases on the Work of Adhesion Between a 


Novolak and Quartz 
by D. W. G. Wurre and H. F. Taytor ................ 92 


_ 


Industrial Applications of Olivine Aggregate 
by G. S. SCHALLER and W, A. SNYDER ..............-5: 99 


On the Release of Hydrogen from Molten Aluminum 
by AsutosH Pat and H. M. Davis 





RIGGING DESIGN OF HIGH STRENGTH 
MAGNESIUM ALLOY CASTINGS 


By 


Merton C. Flemings*, Richard W. Strachan**, Ernest J. Poirier** and 
Howard F. Taylor*** 


ABSTRACT 


This paper describes the translation of laboratory re- 
sults in simple test plate castings to the production of 
two high quality, production type magnesium alloy sand 
castings. One casting was composed of relatively heavy 
sections (1/2 to 2 in. thick) and the other of thin sec- 
tions (1/10 to 1/2-in. thick). Both were cast of AZ91C 
alloy and AZ92A alloy. 

The effect of judicious chilling on mechanical proper- 
ties of the castings was examined. Chilling was found to 
substantially improve the properties of the heavy section 
casting in both AZ9I1C alloy and AZ92A alloy. For ex- 
ample, properties of the unchilled heavy section casting 
of AZ9I1C alloy averaged 24,200 psi ultimate tensile 
strength, 16,500 psi yield strength, and 1 per cent elon- 
gation. Chilling raised these average properties to 43,500 
psi ultimate strength, 23,800 psi yield strength, and 3 
per cent elongation. Similar improvement was obtained 
for AZ92A alloy. 

Chilling was found to have little effect on the mech- 
anical properties of the thin section casting. In this case 
the chill effect of the sand was adequate to produce 
mechanical properties nearly equivalent to those obtain- 
able by heavy chilling. 


INTRODUCTION 


For several years the M.I.T. Foundry Laboratory 
has been engaged in a research program to determine 
optimum techniques for producing high quality cast- 
ings for aeronautical and missile applications. Previous 
work has centered largely on techniques for casting 
aluminum alloys. For some aircraft uses, however, 
magnesium casting alloys have certain potential ad- 
vantages; these include high strength-to-weight ratio 
and high stiffness-to-weight ratios. For these and other 
reasons, the desirability of adapting techniques for the 
production of uniformly high strength magnesium cast- 
ings has become evident. 

The work described herein is based on a previous 
laboratory study' of the effects of section size and 
chilling on the mechanical properties of sand cast 
test plates. In that study, careful control of melting 
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and other foundry variables was maintained and al- 
loys AZ91C and AZ92A were investigated. Mechanical 
properties of unchilled plates varying in section thick- 
ness from 1/4-in. to 1-1/2-in. were determined. The 
effect of end chilling these plates was also examined. 
It was found that chills markedly improved the prop- 
erties of the heavier section castings (over about 
1/2-in. thickness) but improved the properties of 
the thinner plates only slightly. 

For example, chilling increased the tensile strength 
of the 1-1/2-in. AZ9I1C plate (near the chill) by 60 
per cent. Even at a distance of 5 in. from the chill a 
tensile strength improvement of 45 per cent was ob- 
tained from the chill effect. In the thinner plates (less 
than about 1/2-in.) the chill effect of the sand was 
found to be sufficient to produce properties in the 
plates approaching those that could be obtained by 
chilling. 

The present paper deals with the translation of the 
above laboratory results to the production of two pro- 
totype production castings. One of these castings was 
of thin section (less than 1/2-in.) throughout; chill- 
ing this casting was expected to result in little or no 
property improvement. The second casting was of 
heavier section, the section size varying from 1/2-in. 
to 2 in. Chilling this casting was expected to result 
in a substantial mechanical property increase. 


PROCEDURE 


The two gimbal castings shown in Fig. 3 and 5 
were chosen for the present rigging study because 
of their size, reasonable complexity and variation in 
section thickness. The large gimbal (Fig. 3) is approx- 
imately 13 in. x 12 in. x 5-1/2 in. deep. Wall thick- 
ness varies from 1/2-in. to 2 in.; net weight is 
15 Ib. The small gimbal (Fig. 5) is approximately 
3-1/4 in. x 2-1/2 in. diameter. Its section thickness 
varies from 1/10-in. to 1/2-in., and it weighs 3 ounc- 
es. Foundry procedures are described below: 


1. Chemical Control and Melting Practice 


Eight castings were poured from a total of six heats. 
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Alloys poured were AZ91C and AZ92A. Final chemical 
analyses of all heats are listed in Table 1. 

Melting stock was composed of high purity virgin 
material and high purity remelt stock. AZ92A alloy 
(aim analysis—9% Al, 2% Zn, 0.15% Mn) and AZ91C 
(aim analysis—8.7% Al, 0.7% Zn, 0.15% Mn) were 
formulated. Virgin material used was magnesium pig 
(99.9% ), aluminum pig (99.9%), zine (99.9% ), and 
aluminum-manganese hardener (75% Al, 25% Mn). 


TABLE 1 — CHEMICAL ANALYSES OF EXPERIMENTAL 





HEATS 
Chemical Analysis (“%) 
Heat Casting Al Zn Mn Si Cu 
a AZ9I1C Alloy Chilled 
large casting 9.28 0.73 0.15 0.04 0.015 


b AZ91C Alloy Un- 

chilled large casting 9.00 0.71 0.14 0.032 N.D.* 
c AZ91C Alloy Chilled 

and Unchilled small 


castings 9.35 0.76 0.17 T?® 1 
d AZ92A Alloy Chilled 
large casting 9.28 2.09 0.19 —— — 


e AZ92A Alloy Un- 

chilled large casting 9.14 2.11 0.17 —— = 
f AZ92A Alloy Chilled 

and Unchilled small 


castings 8.90 2.08 0.14 0.02 
N.D. Not Detected 
= FT lrace 





Remelt stock consisted of returns from previous heats 
which had been remelted, pigged, and analyzed. 

Melting was conducted in an open top gas fired fur- 
nace, using iron crucibles. In the melting practice 
of both alloys, the high purity remelt stock was 
charged first, and all elements except zinc were add- 
ed shortly after meltdown. The zinc was added at 
1250-1300 F. During melting, a commercial flux cov- 
ering was maintained on the melt surface to prevent 
burning. Degassing was accomplished by bubbling 
chlorine through the melt for 10 minutes at 1330- 
1380 F. Grain refinement was obtained by super- 
heating to 1650 F and holding for 15 minutes. Before 
pouring, the flux was skimmed from the melt and 
replaced with a light layer of sulfur-boric acid mix- 
ture. Molds were flushed with SO2 gas immediately 
before pouring. 


2. Molding 


(a) Large Gimbal Casting 

One large gimbal of AZ91C alloy and one of AZ92A 
were rigged according to techniques designed to pro- 
duce optimum mechanical properties (but techniques 
which would be commercially practical). Essentially, 
the techniques involved placing chills and risers on 
the casting in such locations that mechanical proper- 
ties in all portions of the casting would be raised 
substantially above the properties to be expected in 
a comparable normal sand casting. 

The section sizes of the large gimbal vary from 
approximately 12 in. to 2 in. Previous work! has in- 
dicated that if chills and risers are spaced less than 
about 3 in. to 5 in. apart on such sections (for either 
AZ91C or AZ92A alloy), property improvement will 
result. From the standpoint of mechanical properties 
a minimum chill—riser distance is desirable, but from 
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Fig. la—Mold (cope and drag) of high strength large magne- 
sium gimbal. 





Fig. 1b—Casting at shakeout of high strength large magnesium 
gimbal. 


consideration of molding and cleaning difficulties a 
chill-riser distance of 2 in. is about as small as 
is feasible. Accordingly the large gimbal was rigged 
as shown in Fig. la and lb, so that no portion 


TABLE 2 — SUMMARY OF FOUNDRY DATA FOR HIGH 
STRENGTH LARGE GIMBAL CASTINGS 





Alloy: AZ91C Heat a: AZ92A Heat d 
Sand: No. 80 AFS New Jersey Silica Sand, 


4%2% Southern Bentonite, 142% Boric 
Acid, 14% Sulfur, 14% Diethylene 
Glycol, 3% Water 

Risers: No.: 6 
Diameter: 4 on sides 2 in., 2 on heavy 
ends 2% in. 
Height: 8 in. 

Chills: No.: 20 (10 in cope, 10 in drag) 

Total Wt.: 22 Ib 

1400 F 

\4g-in. holes, 50% perforation 

1 in. x 1 in. at base 


Pouring Temp.: 
Type of Screens: 
Sprue Dimensions: 


Runner: 1 in. x 1 in. in cope, 1 in. x %-in. in drag 
Gates: No.: 4 (2 each side) 
Dimensions: 2 in. x %-in. 
Gating ratio: 1:4:3 
Degas: Chlorine, 10 min. 
Gross Wt.: 40 lb 
Net Wt: 15 Ib 
Yield: 3712% 
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of the casting would be greater than 2 in. from 
a chill. The chills essentially “cut” the casting into a 
series of plates, chilled on one end and risered on 
the other. 

Twenty chills having a total weight of 22 lb and 
coated with a talc-rosin wash were used. A gating 
ratio of 1:4:3 was used, with screens incorporated 
in the entire length of the runner to reduce dross 
entrapment in the casting. To insure a sound casting, 
risers were made overly large and a resulting low 
yield (37-1/2 per cent) was obtained. It should be 
possible, however, to improve this yield in subsequent 
castings on the basis of the results from these pre- 
liminary tests. Table 2 lists a more complete summary 
of foundry data relating to the two high strength large 
gimbal castings. 

For comparison purposes the large gimbal was 
also made using more normal foundry rigging. One 
casting was made of AZ9IC and one of AZ92A alloy 
with no chills incorporated in the mold. Figure 2 
illustrates the molding practice and rigging used for 
both alloys. Other than rigging, the same foundry 
practices were used on these castings as on the cast- 
ings rigged for high strength. 











Fig. 2a—Mold (cope and drag) of commercially rigged large 
magnesium gimbal. 





Fig. 2b—Casting at shakeout of commercially rigged large 
magnesium gimbal. 
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Fig. 3b—Test bar locations of large magnesium gimbal. 





(b) Small Gimbal Castings 

Section thicknesses of the small gimbal casting, 
shown in Fig. 5, vary from about 1/10-in. to 1/2-in. 
with most sections being less than 1/4-in. thick. 
Previous research! on simple flat plates has indicated 


TABLE 3 — SUMMARY OF FOUNDRY DATA FOR HIGH 
STRENGTH SMALL GIMBALL CASTINGS 





Alloy: 
Sand: 


Risers: 


Chills: 


Pouring Temp.: 
Type of Screens: 


Sprue Dimensions: 


Runner (in drag): 
Gates: 


Gating Ratio: 
Degas: 

Gross Wt.: 
Net Wt.: 
Yield: 


AZ9IC Heat c: AZ92A Heat f 

No. 80 AFS New Jersey Silica Sand, 
44%4% Southern Bentonite, 14% Boric 
Acid, 14% Sulfur, 1%% Diethylene 
Glycol, 3% Water 

No.: 3 

Diameter: 2 on ends 1% in., 1 in center 
1 in. 

No.: 4 (2 in cope, 2 in drag) 

Total Wt.: 4 oz 

1550 F 

\4g-in. holes, 50% perforation 

¥4-in. x ¥-in. at base 

1 in. x % in. to first gate, 3% in. x % in. to 
other gates 

No.: 3 

Dimensions: %4-in. x 4-in. 

1:3:3 

Chlorine, 10 min. 

3 Ib 

4 oz 


84% 
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Fig. 4a—Mold (cope and drag) of small chilled magnesium 
gimbal. 





Fig. 4b—Casting at shakeout of small chilled magnesium gim- 
bal. 


that chilling a magnesium casting of such thin section 
would have no beneficial effect, but to ascertain this 
for intricate castings, two chilled small gimbals were 
poured. Figures 4a and 4b illustrate the rigging used. 
Chilling was accomplished by “doughnut” chills at the 
two casting extremities. The same rigging was used 
for AZ91C and AZ92A alloys. Table 8 lists a complete 


TABLE 4 — TYPE AND LOCATION OF TEST BARS IN 








LARGE GIMBAL CASTINGS 
Dis- Dis- 
tance tance 
Bar Section from from 
No. Size Location Chill Riser Bar 
(in.) (in.) in.) Type 
1 5g Beneath Chill (cope) % 3% 0.505 Dia 
2 Beneath Chill (cope) 3% 3% 0.505 Dia 
2 Beneath Chill (drag) % 3% # 40.505 Dia 
4 5g Beneath Chill (drag) % 3% 0.505 Dia 
5 34 Beneath Center Ring Chill % 2 0.505 Dia 
Ss Between Riser and Chill % 2% 0.505 Dia 
7 1% | Between Riser and Chill % 2 0.505 Dia 
is Between Riser and Chill 1 1% 0.505 Dia 
9 1% __ Between Riser and Chill 5% 1 0.505 Dia 
10 1% Beneath Chill % 2% 0.505 Dia 
11 1% Beneath Chill % 2% 0.505 Dia 
12 1% Between Riser and Chill 5% 1 0.505 Dia 
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summary of foundry data for the chilled small gimbal 
castings. 

For comparison, the two small gimbals were also 
poured with the same rigging as above but without 
the chills. 


3. Cleaning and Heat Treatment 


Cleaning of all castings was carried out without 
difficulty using standard equipment (but with special 
dust filtering in the sanding operations). A band saw, 
belt sander, and rotary hand sander were used; a 
final sand blast was given the castings before the 
photographs of Fig. 3 and 5 were taken. 

The following heat treatment schedules were used 
for all castings: 

(a) AZ92A Alloys 

Solution Heat Treatment 
2 hours at 665 F 
6 hours at 765 F 
2 hours at 665 F 

10 hours at 765 F 

Aging Treatment 
4 hours at 500 F 

(b) AZ9IC Alloy 

Solution Heat Treatment 
2 hours at 665 F 
6 hours at 775 F 
2 hours at 665 F 

10 hours at 775 F 

Aging Treatment 

16 hours at 335 F 

After solution treatment all castings were air cooled 
and held for 24 hours before aging. During solution 
treatment an SOz atmosphere was maintained in the 
furnace. 


4. Physical and Mechanical Testing 


All castings were x-rayed to MIL-1-6865A specifica- 
tion. Casting soundness equaled or exceeded ASTM 
Reference Radiograph 1.1 No. 1; indicating all castings 
were entirely free of visible x-ray porosity. 

After heat treatment, the test bar coupons sketched 
in Fig. 3 (large gimbals) and Fig. 5 (small gimbals) 
were cut from the castings and machined into tensile 





Fig. 5—Finished casting—small gimbal. 





M. C. Flemings, R. W. Strachan, E. J. Poirer and H. F. Taylor 


TABLE 5 — TYPE AND LOCATION OF TEST BARS IN 
SMALL GIMBAL CASTINGS 








Dis- Dis- 
tance tance 
from from Bar 
Bar Section Chill Riser Type 
No. Size Location (in.) (in.) (in.) 
] 0.20 Center of Circular End 
(thin End) % v7) Wx le 
2 0.23 Center of Circular End 
(thin End) 1% Vy Wax ¥%e 
3 0.10 Center of Section (cope) 1% Yy %x Yo 
4 0.10 Center of Section (drag) 1% 4 Yx Yo 
specimens. Table 4 (for large gimbals) and Table 5 


(for small gimbals) lists the size bar machined, the 
section thickness from which the test bars were taken, 
and the location of the bar with respect to chills 
and risers. The test bar locations were chosen as being 
representative of the casting as a whole; most other 
possible locations being similarly risered and chilled. 


RESULTS AND DISCUSSION 


Mechanical property data from all castings tested 
are listed in Tables 6 through 9. Table 6 presents the 
results of the chilled and unchilled large magnesium 
gimbal cast of AZ9I1C alloy. The table shows that 


TABLE 6: MECHANICAL PROPERTIES OF LARGE MAGNESIUM 
GIMBALS, AZ91C ALLOY (HEAT A AND B) 





Bar High Strength (Chilled) Gimbal Commercially Rigged 











No. (Unchilled ) Gimbal 
% Elon- % Elon- 
U.T.S. Yield St. ‘gation U.S. Yield St. ‘gation 
( psi ) ( psi) (in 2 in. ) _(psi) (psi) (in 2 in.) 
1 46, 400 24.750 3 -——— ---— 1 
2 43,300 24,500 3 23,000 16,500 1 
3 47,740 24,000 5 25,900 17,000 1 
4 47,250 25,250 4 36,350 19,500 214 
5 43,700 24,000 2 20,950 14,750 1 
6 34,900 21,500 1 20,400 13,750 1 
7 44,100 25,000 3 24,550 16,500 1 
8 40,650 22,000 2 24,950 16,500 1 
9 37,750 22,000 2 22,200 16,750 1 
10 46,100 25,000 4 23,100 16,250 1 
11 44,650 24,200 314 22,250 16,750 1 
12 46,000 23,500 5 22,350 16,750 1 
Average 43,500 23,800 3 24,200 16,500 1 





the chilling used raised the average properties of 
large gimbal from 24,200; 16,500; 1 to 43,500; 23,800; 
3.* Minimum ultimate tensile strength was raised from 
20,400 psi to 34,900 psi by chilling, and minimum yield 
strength was raised from 13,800 psi to 21,500 psi. 
For the most part the properties obtained by chilling 
the AZ9I1C casting were equal to or greater than the 
properties that might have been expected from the 
test plate data previously described.’ 

As compared to the unchilled casting, the chilled 
AZ9I1C large gimbal casting shows an increase of 80 
per cent in average ultimate tensile strength, 45 per 
cent in average yield strength, and 300 per cent in 
average elongation. Compared with present required 
minimums of 25,500; 14,500; 3/4 for AZ91C casting? 
the improvement is 70 per cent in ultimate tensile 
strength, 34 per cent in yield strength and 400 per 
cent in elongation. 





* The shorthand 24,200; 16,500; 1 is used to denote 24,200 
psi ultimate tensile strength, 16,500 psi yield strength, 
1 per cent elongation. 
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Fig. 6b—Test bar loca- 
tions of small gimbal. 


Fig. 6a—Test bar loca- 
tions of small gimbal. 


TABLE 7 — MECHANICAL PROPERTIES OF LARGE MAGNESIUM 
GIMBALS, AZ92A ALLOY (HEAT C AND D) 





Bar High Strength (Chilled) Gimbal Commercially Rigged 














No. (Unchilled ) Gimbal 
% Elen- % Elon- 
U.T.S. Yield St. gation U.T.S. Yield St. gation 
(psi) (psi) (in 2 in.) (psi) (psi) (in 2 in.) 
1 39,500 21,100 3 35,500 21,100 1 
2 40,750 22,000 4 25,050 18,250 1 
3 39,350 23,500 3 23,100 18,000 1 
4 41,800 21,500 4 29,250 19,000 1% 
5 35,200 19,000 2% 20,200 16,250 1 
6 36,900 3 25,050 8,500 1 
7 38,900 21 500 ait 24,350 17,750 1 
8 39,700 20,000 3 27,200 18,250 1% 
9 42,250 19,500 5 24,750 9,000 1 
10 41,400 21,500 4 23,150 19,500 1 
11 aa 3% 23,000 18,250 1 
12 40,050 20,250 2 24,400 17 ‘000 1 
Average 39,800 20,900 3 25,400 18,400 1 








Similar improvement was obtained by chilling the 
large AZ92A gimbal (Table 7). Here, average prop- 
erties obtained were 39,800; 20,900; 3 in the chilled 
casting as compared to 25,400; 18,400; 1 for the 
unchilled casting. The average properties of the chilled 
AZ92A large gimbal represent an increase of 60 per 
cent in ultimate tensile strength and 30 per cent in 
yield strength over present minimum specifications 
of 25,000; 16,000; 0 for test bars cut from the casting.” 

Mechanical properties of the chilled and unchilled 
small gimbals are listed in Tables 8 and 9. Chilling 


TABLE 8 — MECHANICAL PROPERTIES OF CHILLED 
AND UNCHILLED SMALL MAGNESIUM GIMBALS, 
AZ91C ALLOY (HEAT C) 














Chilled Unchilled 

Per cent Per cent 
Bar U.TSS. Elongation U.TS. Elongation 
No. (psi) (in 1 in.) (psi) (in 1 in.) 
1 44,200 2% 42,200 2% 
2 43,500 2 25,900 we 
3 39,600 Ww 34,700 % 
4 35,400 Ww 43,300 2 
Average 40,700 1% 36,500 1% 





TABLE 9 — MECHANICAL PROPERTIES OF CHILLED 
AND UNCHILLED SMALL MAGNESIUM GIMBALS, 











AZ92A ALLOY (HEAT F) 
Chilled Unchilled 
Per cent Per cent 
Bar UTS. Elongation UTS. Elongation 
No. (psi) (in 1 in.) (psi) (in 1 in.) 
1 37,000 Ie 33,000 a 
2 36,800 wy 41,000 1 
3 40,000 1 28,300 1 
4 36,500 1 40,300 1% 
Average 37,550 “he 35,650 D his 
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TABLE 10 — MECHANICAL PROPERTIES OF CAST-TO- 
SIZE TEST BARS FROM EXPERIMENTAL HEATS 





Heat Ultimate Tensile Yield Strength Per cent Elongation 
Strength (psi) (psi) (in 2 in.) 

A 42,850 23,500 3 
42,750 25,500 3 

B 39,300 23,000 32 
40,600 22,500 3 

Cc 42,300 23,250 3 
41,000 22,500 3 

D 36,500 19,000 3 
38,600 21,500 2 

E 36,600 22,000 2 
38,750 21,000 2M 

F 36,550 22,000 ] 
35,550 21,000 s 





of these castings resulted in very little net improve- 
ment of properties. The chill effect of the sand alone 
was sufficient to produce average mechanical proper- 
ties in the small gimbals well above present minimum 
specifications. For example, the average ultimate ten- 
sile strengths of the unchilled castings of both alloys 
are about 40 per cent higher than present average 
acceptable minimum values. 


SUMMARY AND CONCLUSIONS 


The translation of laboratory results in simple test 
plate castings to the production of high strength mag- 
nesium alloy castings has been described. By judicious 
chilling of the heavier section castings and by careful 
foundry practice, the mechanical properties of magne- 
sium alloy castings may be raised substantially above 
present design minimums. 

In a heavy section AZ9IC alloy casting (1/2-in. to 
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2-in. section size) the techniques described, includ- 
ing chilling, resulted in an average improvement of 
70 per cent in ultimate tensile, 34 per cent in yield 
strength, and 400 per cent in elongation over present 
required design minimums. In a similar AZ92A alloy 
casting, the techniques resulted in 60 per cent increase 
in ultimate tensile strength, and 30 per cent increase 
in yield strength. 

In the light section casting investigated (1/10-in. 
to 1/2-in. section size) chills were found to be un- 
necessary for obtaining optimum properties. Unchilled 
castings of both AZ91C and AZ92A alloys made with 
careful foundry practices were found to possess ulti- 
mate tensile strengths about 40 per cent above present 
design values. 
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SINTERED ALUMINA MOLDS FOR INVESTMENT 
CASTING OF STEELS 


By 


F. C. Quigley and B. Bovarnick* 


ABSTRACT 


An investigation was undertaken for the development 
of a new molding process for investment casting of steel 
alloys. The need for high refractoriness and low cost, 
coupled with processing requirements, led to the selec- 
tion of aluminum oxide as the optimum mold material. 
A stable slurry was developed from alumina combined 
with binders and a wetting agent. The mold is formed 
by alternately dipping a wax pattern into the slurry and 
sprinkling the dip coat with coarse grain alumina until 
a built-up wall of desired thickness is attained. 

The green mold is dried overnight in preparation for 
wax melt-out and firing. The melt-out is accomplished 
in less than 2 min, and the mold is fired at 2200 F for 
25 min. After firing, the alumina molds have sufficient 
strength at 1200 to 1600 F to withstand the mechanical 
and thermal shock of pouring. High-quality castings of 
several alloy steels, 1020, 1030, and 4340, have been 
produced with good surface, metal quality, and dimen- 
sional control. These technical features and economic 
advantages of low cost and high speed indicate a high 
potential for the future use of sintered alumina molds. 


INTRODUCTION 


The search for improved precision casting methods 
and techniques has been a continuing activity by 
foundrymen for many years.! The current manu- 
facture of precision castings of iron and steel alloys 
utilizing the lost-wax process is based on the two- 
coat investment mold. The two-coat investment has 
the basic disadvantage of requiring a heavy backup 
in support of a precoat and results in a bulky mold 
encased in a flask supported on a base plate. To 
obtain satisfactory molds, it is necessary to process 
them by long melt-out and firing cycles. 

In recent years, investigations have been conduct- 
ed to resolve the problems associated with the bulky 
investment. From these investigations, processes have 
been reported for the preparation of thin-walled molds 
with firing cycles of short duration.':*:* Since Ordnance 
is vitally interested in precision casting of steel, a pro- 
gram was initiated at Watertown Arsenal to further 
develop the requirements and techniques for a low- 
cost thin-walled precision investment mold. 

There is general agreement on the mold properties 
which should be optimized for efficient casting prac- 


*The authors are, respectively: Metallurgist and Chief, Sin- 
tered Metals and Ceramics Branch of the Rodman Laboratory, 
Watertown Arsenal, Watertown, Massachusetts. 
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tice. Among these properties, the following were 
deemed basic to the objectives of this work. First, the 
process should result in thin-walled molds which 
would require short-time melt-out and firing cycles 
and would improve the cooling rate in the cast metal. 
It was essential that the mold have high strength to 
satisfy this requirement. To obtain the high strength 
economically, the mold material must be such that it 
could be readily sintered to the requisite strength 
levels. 

Second, the major criteria for the mold material 
were that it be sufficiently refractory to permit the 
casting of metals that require pouring temperatures 
greater than 3000F; at the same time, the mold metal 
interaction be at a minium. An essential demand on 
the mold was that it be capable of withstanding the 
mechanical impact and thermal shock of pouring at 
the high temperatures. 

Third, it was desired to accomplish pattern removal 
and sintering of the mold material (melt-out and bake- 
out) in a one-step operation for maxium efficiency. 
The initial melt-out was to be rapid enough to prevent 
the detrimental effects of wax expansion and permit 
wax recovery. 

The measure of success of this program was that the 
process, as developed, be economically competitive 
with present investment processes. A manufacturing 
cost reduction, or a production rate increase, or a 
combination of these features should be realized. 


MATERIAL SELECTION 


The initial step was the selection of the mold ma- 
terial to conform to the criteria established. The first 
consideration was refractoriness. The material re- 
quires a softening point greater than 3000F. This 
placed it in the class of high-melting compounds. 
Availability and cost narrowed the field to graphite 
and two oxides, alumina and magnesia. 

Since it is a requirement of investment casting that 
complex molds be produced, it was planned to form 
them by the application of slurries to wax patterns. 
The use of graphite was precluded because of the 
limited information on the processing of graphite in 
slip form. The choice between the two oxides was 
dictated by the great difference in the vehicle or 
medium with which their slips could be made. Alumi- 
na requires only ordinary tap water, but magnesia 
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Fig. 1—Rolling Mill Used To Homogenize Slip. Watertown 
Arsenal—Rodman Laboratory. 


needs alcohol. This necessitates precautions in hand- 
ling and use, not to mention the difference in cost 
between alcohol and water. 

Other properties of sintered aluminum oxide in- 
dicated that it had excellent prospects of meeting the 
strength requirements and related criteria. 

1. It has high mechanical strength which allows 
the manufacture of thin-walled molds that could 
be readily handled during in-process operations. 

2. Alumina can be readily sintered to satisfactory 
strength levels at practical temperatures. 

3. Sintered alpha alumina, which undergoes no 

phase change on cooling, has good thermal-shock 
resistance. 


PREPARATION OF SLIP AND MOLD 


The next step was the formulation of a stable, work- 
able alumina slip with certain desirable character- 
istics. 

1. It had to be easily deflocculated and remain 
stable on standing. 

It must readily wet the disposable pattern. 

It required good coating stability. 

It must have the ability to receive and bond a 

coarse grit for mold buildup. 

5. A proper rate of water evaporation is required 
to prevent drying cracks. 
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It must have sufficient green strength. 

7. It cannot crack during volitization of the green 

strength binder and wetting agent. 

8. It should be readily sintered. 

9. It should produce a good, smooth mold surface. 

It appears that stringent demands have been put on 
the slip. Nevertheless, a slip formulation has been 
developed such that all of the above properties are 
realized. 

The following slip constituents have been determin- 
ed as the most satisfactory to date as the result of sys- 
tematically controlled experiments: aluminum oxide, 
gum arabic, aerosol, ball clay, tap water, and hydro- 
chloric acid. Acceptable grades of alumina should 
have a chemistry with a minimum aluminum oxide 
content of 99 per cent, iron oxide and soda less than 
0.5 per cent each. 

Should the iron oxide and soda contents exceed 
these limits, it becomes extremely difficult to stabilize 
the slip even with large amounts of hydrochloric acid. 
The powder should all pass through a 325-mesh screen 
and have a bulk specific gravity of 1.5 to 2. Powders 
of low-bulk specific gravity contain excess air, which 
tends to thicken the slip after long periods of rolling. 

The crystalline structure of the particle should be 
alpha alumina, the stable, high-temperature phase. 
The ball clay, with fine grain and high plasticity,® 
was selected to lower the sintering point to within a 
practical firing range. The slip is composed of 75 
per cent aluminum oxide, 0.6 per cent gum arabic, 
0.1 per cent aerosol O.T. (100 per cent), 3 per cent 
ball clay, and the balance tap water. 

The slip is best prepared by adding all of the dry 
material to the water in a porcelain mill jar. The jar 
is rotated on a rolling mill for approximately 2 hr 
Fig. 1). The mill is stopped and hydrochloric acid 
added, one ounce of a three normal solution for each 
10 Ib of slip. The slip is then rolled for 1 hr, again 
stopped, and sufficient acid is added to the solution 
to adjust the pH to approximately 3.4. 

It is then allowed to roll for at least 20 hr to insure 
homogenization. Once the slip has been homogenized, 
further rolling is only necessary if it has been allowed 
to stand for more than 4 hr. The rolling need only 
be for 30 - 45 min to return the slip to its working 
consistency. 


Fig. 2—Stages of Fabricating an 
Alumina Mold. Watertown Arsen- 
al—Rodman Laboratory. 





F. C. Quigley and B. Bovarnick 


Slip life so far has not been determined. Slips one 
or two months old have been used with no noticeable 
adverse effects or deterioration. 

The operation of forming a mold is relatively simple 
(Fig. 2). Wax patterns are mounted on a specifically 
designed hollow aluminum plug or tree, utilizing the 
common lost-wax procedure. There is no base plate 
attached to the plug. The setup is held by a 1/4-in. 
bolt that extends down 2-1/2-in. from the upper inside 
surface of the hollow plug. 

The assembly is dipped into the slip and swirled 
to prevent the entrapment of air bubbles on the wax 
surface. The first dip coat is allowed to dry to a dull 
finish. This requires from 20 - 30 min to air dry, 
depending on the relative humidity and room tem- 
perature. After drying it is redipped. The wet, second 
coat is covered by sprinkling with a 60-mesh alumina. 
This operation is performed to increase the mold thick- 
ness and reduce the effects of thermal expansion. 

Four or five successive dip coats are applied and, 
while wet, each is covered with the coarse grain alum- 
ina of 60 mesh and dried. Drying time between each 
of the coats is approximately 10 - 15 min. 

The average time consumed in forming a mold is 2 
hr. However, only 5 min of the 2 hr is labor time. The 
remainder is spent in drying between slip coats. The 
mold is then thoroughly dried by standing at room 
temperature for 8 - 12 hr prior to the melt-out and 
firing cycle. 


MELT-OUT AND FIRING CYCLE 


As has been stated, a one-step operation was desired 
for pattern removal and sintering of the mold (melt- 
out and firing) to promote maximum efficiency. A 
further advantage of the single-step operation is the 
prevention of mold failure or flaws which result from 
excess handling of molds before strength by firing has 
been developed. 

The melt-out and firing can be done in high-tem- 
perature kilns or conventional furnaces, modified at 
low cost for the process. In the development work 
for this new investment casting mold, an experimental 
induction-heating furnace was constructed incorporat- 
ing operating features considered essential for efficient 
quantity production. The original furnace was capable 
of firing only one mold at a time. 

A larger furnace was constructed which could han- 
die five molds. A 2400 F kiln has been obtained 
and modified to have a greater capacity. It is planned 
that, in future work, the melt-out and firing cycle 
will be carried out in the kiln to determine the effi- 
ciency and economics of firing molds this way. 

The specialized features of the experimental fur- 
nace (Fig. 3) were: 1) uniform temperature zone 
larger than the over-all mold, 2) excess power capacity 
to bring the furnace to temperature in minimum time, 
3) removable refractory bottom, and 4) tray for col- 
lection of the falling wax and plug. 

The hollow aluminum plug was so designed to ac- 
celerate heat transfer to the wax-plug interface. This 
was to expedite release and fall out of the plug, which 
is accomplished within 20-30 sec. A coat of wax on 
the surface of the mold wall is left behind. The resi- 
dual wax can then melt and run out smoothly without 
danger of tearing the green-mold wall. 
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The furnace temperature is brought up to and 
maintained at 2200 F for the entire melt-out and 
firing operation. After the mold has been properly 
dried, a soft iron-wire suspension is tied onto it. The 
removable refractory drawer at the base of the furnace 
is withdrawn. This gives an unobstructed path for 
the falling plug and molten wax from the hot zone 
to the collector tray. 

The mold is suspended in the hot zone (Fig. 4) 
by hanging the wire support on a crossbar. The wire 
extends over the open top of the furnace and is 
externally supported. The plug and wax are elimi- 
nated from the mold in from 50-125 sec, falling into 
the tray for subsequent recovery. 

At the termination of the wax elimination, the re- 
fractory bottom is replaced and the mold is fired 





Fig. 3—Modified Induction Firing Furnace. Watertown Arsenal 
—Rodman Laboratory. 


Fig. 4—Firing Furnace With ‘Meld ta Bet Zone. 
(2200 F). Watertown Arsenal—Rodman Laboratory. 
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Fig. 5—A Finished Alumina Slip Mold. Watertown Arsenal— 
Rodman Laboratory. 
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Fig. 6—Mold Set Into Flask For Pouring. Watertown Arsenal— 
Rodman Laboratory. 
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at the furnace temperature of 2200 F for an addi- 
tional 25-30 min. This firing period has been found 
adequate for sintering the green mold to satisfactory 
strength to withstand the pouring of the molten metal. 

The sintered mold is taken from the furnace and 
allowed to air cool. The furnace is maintained at 
2200 F to heat the next mold. 

A close-up view of a fired mold (Fig. 5) illustrates 
the characteristics of these sintered alumina molds. 
The thin-wall construction, wax surface detail, absence 
of residual deposits from the wax pattern, and the 
rough external surface of the final grain coat. 


CASTING OF METAL 

The mold is now ready to receive the metal and 
can be cooled either to the desired preheat tempera- 
ture for casting and used immediately, or to room 
temperature and preheated and poured later. It is not 
necessary to back up these molds, as they now have 
the strength to withstand the mechanical force and 
thermal shock of pouring the hot metal. They can 
be set into a flask or any other simple device for 
support. 

Figure 6 shows a mold in a flask supported at the 
base of the pouring cup by two crossbars. It may 
be desirable to support molds for heavier castings at 
the bottom, as the mechanical impact of pouring great- 
er amounts of metal may fracture the mold. 

Typical parts which have been cast in thin-walled 
sintered alumina molds are shown in Fig. 7. In gen- 
eral, the castings were poured at 3100 F into molds 
pre-heated to 1600 F. The alloys represented by these 
parts are 1020, 1030 and 4340 steels. Because these 
parts were cast in a thin-wall mold, the shakeout 
problem associated with the bulky two-coat invest- 
ment was not encountered. In all cases, the surface 
quality is considered to be equal to that of investment- 
cast Ordnance parts. There is no evidence of surface 
reaction between the metal and mold as is some- 
times found in other ferrous investments. 

In addition to the technical features of the process 
described, the desired economic advantages have been 
realized. Calculations, based on an anticipated pro- 
duction application, indicate that this process will 
produce a precision casting in two-thirds the normal 


Fig. 7—Castings Made From An 
Alumina Mold. Watertown Arsen- 
al—Rodman Laboratory. 
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elapsed time. Most of the time is saved in the melt- 
out and firing cycle which takes an average of 16-18 
hr in the standard lost-wax method for casting steel.’ 

This automatically reduces power and fuel costs and 
increases the productivity of a given shop. There is 
also the elimination of flasks and bulky investments 
that have no shelf life. Thus, the development satis- 
fies the fundamental criterion of success as stated 
at the beginning of this paper. 

The work to this time has been concentrated on 
the manufacture of molds and pouring techniques. 
Work in progress is directed to the analysis of dimen- 
sional tolerances. Preliminary examinations indicate 
that there is good reproducibility of the wax patterns 
with only a few thousandths difference between cast- 
ings. Metallurgical quality of the castings produced in 
the sintered alumina molds appears good and is cur- 
rently under closer study. 


SUMMARY 
The development described in this paper offers 
several desirable features: 

1. It is an easily formed thin-walled mold. 

2. It has the high refractory qualities necessary for 
the casting of low alloy steels. 

3. It possesses good mechanical strength requiring 
no backup in casting. 

4. There is no evidence of mold metal interaction 
when casting. 
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5. The castings produced have good finish and are 
excellent reproductions of the wax patterns. 

6. The process is economically competitive with ex- 

isting ferrous investment casting methods. 

These technical features and economic advantages 
indicate a high potential for the future use of thin- 
wall sintered alumina molds. However, it is to be 
noted that the results described in this paper have 
been accomplished with pilot-scale operations. No dif- 
ficulties are foreseen in the up-scaling of the pilot 
methods to quantity-production operations. 

To provide a basis to determine the reproducibility 
of the method, future effort is to be concerned with 
a statistical analysis of dimensional variation of the 
castings. Metallurgical examination of the castings for 
structure, decarburization, and physical properties will 
also be investigated. 


REFERENCES 


1. R. L. Wood and D. Von Ludwig, Investment Castings for 
Engineers Reinhold Publishing Corp., New York (1952) 

. N. J. Grant and R. M. Smith, “They are Making Molds out 
of Glass,” MopERN CASTINGS AND AMERICAN FOUNDRYMAN 
28, No. 2, 30, (1955) 

. N. J. Grant, “Recent Developments in the Art of Precision 
Casting,” Metal Progress 70, No. 3, 113 (1956) 

4. F. H. Norton, Elements of Ceramics, Addison-Wesley 
Press Inc., Cambridge, Mass., (1952) 

. F. H. Norton Refractories, McGraw-Hill Book Company, 
Inc., New York (1949) 


to 


ies) 


ur 


June 1958 + 55 








CARBON DIOXIDE CORES IN A MALLEABLE FOUNDRY 


George Nestor* 


INTRODUCTION 

This is a progress report of experiences with the 
carbon dioxide or sodium silicate process. It reviews 
experiences with the process from the development 
stage to the present day when as high as 30 per cent 
of the daily core production is made by this method. 
The practice is economical, rapid, and space saving. 

To prevent foundry scrap castings, such as hot 
tears, blows, and cracks, cores are required with low 
hardness, low gas content and good collapsibility. It 
is, therefore, necessary to consider these properties 
when formulating a sodium silicate core-sand mixture. 
It is also necessary to take into consideration the 
method by which the cores are made. The majority 
of our cores are made with a core blower; few are 
made on the bench or by hand. 


EXPERIMENTAL WORK 


In the experimental phase of the work over 50 
different sand mixtures were tested using various in- 
gredients, mulling cycles, and sequences of additions 
with little success. 

Initial experiments were made by adding sugar or 
molasses to the sand mixture with little success. It 


°National Malleable & Steel Castings Co., Cleveland, Ohio. 


TABLE 1 — MOLASSES 

















A B 
Green Compression 1.37 psi 0.71 psi 
Permeability 130. 136. 
Moisture 1.7 % 7 ee 
Flowabilit 87. 82. 
Tensile (after gassing) 14. psi 40.8 psi 
Density 100.5 100.6 
After gassing 
Moisture 14 % 1.23 % 
Gas content 21.0 cc 16.6 cc 
Hardness 0 29.4 
TABLE 2 — MOLASSES 
A B 
Sucrose 24.6% 38.0% 
Invert Sugar 19.4 39.2 
Total Sugar 44.0 T12 
Ash 10.7 1.6 
Solids 77.2 *80.2 


*Brix solids 
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was not until a specific grade of molasses was used 
that satisfactory cores were produced with a sand 
mixture containing a minimum of sodium silicate. 

The results obtained in identical core-sand mixtures 
using two different grades of molasses are shown in 
Table 1. 

When this process was first tried in our plant, 
little information was available pertaining to the CO» 
process. All that was known was that a sand mixture 
consisting of water, glass, and sand could be treated 
with COs. gas to produce cores for making castings. 

The chief difference in the green properties of the 
two sand mixtures made with the two different types 
of molasses is in the green compression strengths (Ta- 
ble 1). A has a higher green compression strength 
than B. However, it is our opinion that green com- 
pression strength is of little importance since the cores 
are gassed in the box. The only strength that is then 
important is the gassed strength. 


GASSED PROPERTIES 

The analysis of the gassed properties of the two 
mixtures indicates the B mixture produces higher 
gassed tensile strengths. It also produces higher core 
hardness, has a lower moisture content, and produces 
less gas. 

The cores made from mixture B (grade B molasses) 
could be handled, stored and used to make castings. 
The cores made from mixture A (grade A molasses) 
were too soft to handle and could not be used to 
make castings. 

Table 2 notes the chemical analyses of the two dif- 
ferent grades of molasses. Grade A contains only 57 
per cent as much total sugar as grade B. Grade A 
has an ash content approximately seven times greater 
than the ash content of grade B. Grade B should be 
more effective than Grade A. Table 2 also shows that 
Grade A contains only 19.4 per cent invert sugar com- 
pared to 39.2 per cent invert sugar for Grade B. 

It has been determined from a great many experi- 
ments that an ash content of less than 2.0 per cent is 
desirable. The ash is primarily lime which increases 
the viscosity of the silicate. This reduces its efficiency 
as a bonding agent. 

We have not found any convincing or logical ex- 
planation as to the role that sugar plays in the CO, 
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process. It is known that sugar acts as a bonding 
agent and increases the gassed strength of the core. 
However, we believe its bonding strength is only 
incidental and quite minor in effect. 

The sodium silicate used in our operation is a com- 
mon commercial type having a soda to silica ratio 
of 1.0 to 2.4, and a Baume of 52. From our observa- 
tions and experiments, a suitable core could only be 
obtained from core sand mixtures containing a mini- 
mum amount of silicate. 

A careful study of the merits of the process had 
been made before any experiments or trials. From this 
study it was concluded that cores could be made 
economically only if quality cores could be produced 
at a high level of production. To determine if this was 
possible a high production automotive casting was 
selected for a trial of the process. A careful record 
of production, scrap, advantages, disadvantages, and 
other pertinent factors was kept. 

One of the most annoying problems to be overcome 
was stickiness in the core box directly under the blow 
holes, and on the underface of the blow plate. Anoth- 
er problem was that of hardening of the core-sand 
mixture in the holes of the blow plate. Hardening 
of the core sand mixture in the blow chamber or 
magazine of the core blow machine was a concern. 

A release oil was added to the core sand mixture 
to eliminate these conditions. This release oil was 
composed of 18 parts fuel oil to one part oleic acid. 
It was added at the rate of two ounces to every 100 Ib 
of sand mixture. The addition of the oil acted as a 
lubricant as well as a retardant to the air setting of 
the core sand mixture. 


CASTING SURFACE 


The cored surface of the casting was not as good as 
the surface obtained from cores made with core oil 
or resin. Hence it was necessary to substitute 25 
per cent bank sand for 25 per cent lake sand, with two 
per cent of iron oxide added. This mixture produced 
a casting surface comparable to the 100 per cent lake 
sand mixture containing core oil or resin. 

It was then necessary to increase the silicate con- 
tent of the sand mixture from 3.0 to 3.25 per cent 
to produce cores which could be handled. The iron 
oxide was added to reduce burn-on. 

The sieve analysis of the sands used in making 
cores and molds by the COs process is shown in 
Table 3. The bank sand aids in the production of a 
better finish. It also decreases the hardness to some 
extent. An excess of bank sand should be avoided 
since it apparently decreases the storage life of the 
gassed cores. 

Table 4 shows the sand mixture which produces 
satisfactory results in our operation. Mulling times are 
kept at a minimum to retard temperature build-up. 
Mulling times may vary slightly with different types 
of mills. 

The necessity for accurate weighing of the ingredi- 
ents to maintain constant properties in the finished 
cores is of prime importance. Table 5 shows the re- 
sults obtained in a typical COz core-sand mixture and 
a typical core-oil core-sand mixture. 
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In our practice CO, gas is piped into the core 
room from a 12,000 lb capacity, low pressure, con- 
verter. All cores are gassed at 25 psi for from five to 
10 sec. The CO. gas consumption varies between 50 
to 70 lb per ton of cores. Core weights vary from a 
few ounces to 50 Ib. For some unexplained reason it 
requires more gas to cure the small pin cores than 
the larger sized cores. 

Correct gassing application has an important bear- 
ing on the rate of core production. In a two-box opera- 
tion it is necessary to restrict the gassing time to a 
bare minimum, or it will decrease the rate of produc- 
tion. Increasing the gas pressure does not necessarily 
decrease the gassing time. In some instances to speed 
up the gassing time it was necessary to reduce the 
number of vents at the top of the box or increase 
the number of vents at the bottom of the box to 
facilitate the flow of gas through the core. In other 
instances it was necessary to reduce the volume of 
sand in the core by hollowing out the center of the 
core with a plug. 

Figure 1 illustrates the effect of temperature of the 
sand on core weight. Experience has shown that when 
hot sand is used the air setting of the sand mixture 
is accelerated. This decreases workability. The loss of 
water through evaporation upsets the water-to-sodium 
silicate balance. This has a marked effect on the silica 
gel and causes it to lose its effectiveness as a binder. 
It is important to maintain the proper amount of wa- 
ter in the silica gel if maximum strengths are to be 
obtained. 


TABLE 3 — SIEVE ANALYSIS 








Lake Sand Sieve No. Bank Sand 

A 30 2 
4.5 40 8 
20.2 50 $.3 
46.5 7 19.5 
27.8 100 56.1 
6 140 15.9 
0 200 1.2 
0 270 wo 
0 PAN 9 

52.82 AFS Gfn 71.95 
13 % Clay 1.0 

.26 % Carbon 26 





TABLE 4 — SODIUM SILICATE SAND MIX 





450 Ib Lake Sand 
150 Ib Bank Sand 
6 Ib Sea Coal 
12 Ib_ Iron Oxide 
19 lb 8 oz_ Sodium Silicate 
4 Ib 13 oz Molasses 
12 oz Release 
Mixing cycle—1 min with dry ingredients 
1 min with Sodium Silicate 
1 min with Molasses 
1 min with Release 





TABLE 5 — COMPARISON OF CO2 AND OIL CORE SAND 





COs Core Sand Oil Core Sand 





0.66 Green compression, psi 0.79 
126. Permeability 105. 
1.94 Moisture, % 2.46 
(gassed) 38. Tensile psi (baked) 140. 
33. Scratch hardness 66. 
1.33 Retained moisture, % 0.2 
16.8 ce Gas content 26. cc 
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Fig. 1—Sand temperature core weight relationship. 
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Fig. 2—Effect of sand temperature vs. core storage life. 
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Fig. 3—Effect of sand temperatures on tensile strengths. 
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It will be noted from Fig. 1 that cores made from a 
core-sand mixture having a temperature of 72 F are 
about 0.5 lb heavier than cores made from a mixture 
at a temperature of 100 F. Cooler sand also has better 
blowability which aids in the production of a denser, 
heavier core. Satisfactory cores have been produced 
with sand temperatures as high as 85 F. There is a 
noticeable reduction in core quality and storage life 
if temperatures rise to between 86 and 92 F. Cores 
made with a sand mixture at over 92 F are poor and 
core breakage is high. 

Figure 2 shows the effect of sand temperatures on 
core storage life. This graph shows that cores made 
from a sand mixture at a temperature of 78 F increase 
in hardness after air drying for 8 hr. It was deemed 
unnecessary to exceed 8 hr storage, since cores are 
seldom held over that period of time before using. 
Figure 2 illustrates that hot or warm sand is to be 
avoided if cores are to be stored for any long period 
of time. 

Figure 3 shows the effect of sand temperature and 
gassing times on gassed tensile strengths. The cores 
were not gassed beyond 15 sec since our company 
does not gas over 15 sec in production. It will be noted 
that the tensile strengths increased with increased 
gassing times. However, on being heat cured the 
opposite results were obtained. 

The heat cured tensile strengths decreased as the 
gassing time was increased. The same pattern is ap- 
parent with the higher sand temperature (95 F), but 
lower tensile strengths are obtained. 

Figure 4 shows the effect of gassing time on core 
storage life. Low gassing time produces cores which 
increase in strength with increased storage time up 
to 24 hr. It also illustrates that the initial strengths 
increased with increased gassing time, but that the 
strengths decreased as the storage time was increased. 
Strength decreases rapidly in storage with increases 
in gassing time length. 

Figure 5 illustrates the effect of elevated tempera- 
tures on the hardness of cores made from the CO, 
sand mixture noted in Table 4 with only one of the 
additives. The test was made to determine if core 
hardness could be correlated with core collapsibility. 
Standard 2 in. specimens were heated to the temper- 
atures noted and soaked for the indicated times. 
Scratch hardness tests were made after the specimens 
had cooled to room temperature. 
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Fig. 4—Effect of gassing time on core storage life. Cores 
gassed at 25 psi. 
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The high level of hardness at 230 F is probably 
due to the dehydration of the sodium silicate. Investi- 
gators claim that sodium silicate produces its strongest 
bond when 2/3 of its original 55 per cent of water 
has been removed or evaporated. 

The steady loss in hardness at 500 F, 1000 F, and 
1250 F may be due to the start of fusion of the 
sodium silicate, and the start of the formation of 
glass. In all probability it is due to the effect of the 
sea coal and molasses. These retard the formation of 
a continuous film of glass on the sand grains. 

At 1500 F all the sea coal and molasses have been 
destroyed, and fusion proceeds rapidly without retard- 
ing effects from these materials. Hardness increases 
almost to the point obtained at 230 F. 

One theory advanced for the low hardness at 2000 
F is that the sodium silicate is formed into globules at 
that temperature, no longer acts as a bond between 
the sand grains. At 2250 F to 2500 F the globules 
of sodium silicate start to react with the sand grains. 
Fusion of the sand grains takes place once more in- 
creasing the hardness. 

Figure 6 shows the temperature-hardness relation- 
ship of the core-sand mixture being used at the pres- 
ent time. This mixture contains all the additives—sea 

























100 + HEATING 
TIMES 
o PT TIME 
uy 80} TEMP | TIME 
z ° 
= 230° |1 HR. 
a e 
< 60} 500° |1 HR. 
= 1000° | 1 HR. 
1250° | 3/4 HR 
= 
o 407 1500 ° | 1/2 HR. 
< 1750° | 1/2 HR. 
2 20} 2000° | 1/2 HR. 
2500 * | 1/4 HR. 
Q i i i 1 rm l 
0 500 1000 1500 2000 2500 
TEMPERATURE (*F) TO WHICH SAND WAS HEATED 











Fig. 5—Temperature-hardness relationship. 
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Fig. 6—Temperature-hardness relationship. 
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coal, iron oxide, and molasses. It will be noted there 
is an absence of hardness at temperatures of 1250 
F through 2000 F. It is not known why these three 
additives affect the hardnesses in this manner. Possibly 
it is because it prevents fusion of the sodium silicate. 

At 2250 F all the additives have been destroyed 
permitting fusion of the silicate and sand grains. This 
mixture containing the three additives which produces 
the absence of measurable hardneses. At the temper- 
atures of 1250 F through 2000 F it produces a higher 
level of hardness at the 2500 F than the mixture con- 
taining only one of the three additives. Attempts 
have been made to extend the minimum hardness 
beyond the 2000 F range, but so far they have met 
with little or no success. 








Fig. 7—Three typical cores and castings made with the CO» 
process. 
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Core collapsibility has not been much of a problem 
at our plant. Some collapsibility takes place at the 
shake-out. More takes place on the cooling conveyor. 
We have found that the rate of collapse is affected 
by the thickness of the metal surrounding the core, 
pouring temperature of the metal, and the length 
of time the castings remain in the mold. The collap- 
sibility has been found to be at its maximum when 
the castings have been permitted to cool to room 
temperature in the mold. 

The addition .of the silicate sand to the molding 
sand has not had any noticeable effect on its proper- 
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Carbon Dioxide Cores 


ties. The same ranges have been retained on green 
strength, dry strength, green permeability, flowability 
and moisture. No marked affect on pH has been noted. 
It has had no effect on hard or soft scrap losses. 


The COs process has resulted in a savings of 20 
per cent over the core-oil sand process. This is pri- 
marily due to the labor reduction in core handling. 


Figure 7 shows three typical cores and castings made 
with the COs, process in our plant. All these cores 
were formally made with oil-sand cores. 








PROBLEMS ENCOUNTERED IN CASTING 
REACTIVE METALS 


By 


W. A. Aschoff* and D. H. Blair** 


The purpose of vacuum melting a metal is to pro- 
vide a product with superior properties. By melting 
and casting reactive metals within a vacuum cham- 
ber oxygen and nitrogen contamination can be avoid- 
ed, and purity can be improved by the removal of 
entrapped gases and volatile solids. Radial accelera- 
tion of the solidifying metal augments induced gas 
evolution with centrifugal castings poured in a vacuum 
chamber. The gas also forces lower density inclusions 
to float in toward the rotational axis where they can 
be more easily removed. 

Although reactive metal castings are made commer- 
cially today, many problems of material handling still 
remain unsolved. The greatest difficulty, that of con- 
tamination by atmospheric gases, crucible, and molds, 
has received sufficient attention and research effort. 
Before we can expect to see wide spread application 
of castings of reactive metals like titanium and zirco- 
nium, there are many difficulties to be overcome. 


GAS POROSITY 


Gas porosity in the metal occurs as a consequence 
of employing vacuum melting to eliminate atmospheric 
contamination. In the case of titanium and zirconium, 
hydrogen or volatile chlorides are considered the ma- 
jor offenders. Oxygen and nitrogen may be present 
in a greater extent and are thought to remain dis- 
solved within the metal. 

Another source of these unwanted gases is possible 
volatiles driven out of the molds when contacted by 
hot metal. The most practical solution seems to be 
that of employing a lesser vacuum in the casting fur- 
nace than the metal has been subjected to in the 
prior melts, and in vacuum drying the molds prior 
to pouring. 

VACUUM-ARC FURNACE 
Probably the most satisfactory type of equipment 


employed for casting reactive metals is a water-cooled, 
copper-crucible, skull-melt, consumable-electrode, vac- 


*Manager Casting Department, Oregon Metallurgical Corp., 
Albany, Oregon. 

** Assistant Manager Casting Department, Oregon Metallurgi- 
cal Corp. 
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uum are furnace as developed by the United States 
Bureau of Mines. However, in this furnace tempera- 
ture measurement and control is practically impossible. 
Although thermocouples are available to cover some 
of the temperatures involved, these metals will be- 
come contaminated if the thermocouple well is placed 
within the molten pool. 

Optical pyrometers cannot be employed during the 
melt because of the intense light from the arc at 
the surface of the molten pool. Probably the best 
answer to this would be to measure the stream of 
molten metal as it is poured from the crucible by a 
thermopile device. The reading of such an instrument 
will depend upon the emissivity of the molten stream. 
This, in turn, is dependent upon the surface conditions 
such as ripple, and splash. 

No satisfactory answer has been reached, although 
we have great hopes for the thermopile device. How- 
ever, this measurement cannot give us control of the 
molten-pool temperature. Since the molten bath is 
contained within a water-cooled, copper crucible, the 
power to maintain super heat is supplied from the con- 
sumable electrode arc. When that arc is extinguished 
the metal must be poured almost immediately. There- 
fore, present practice aims at controlling temperature 
and super heat by amperage and voltage control 
during the melting cycle. 

Science gives way to art at this point where we 
are more dependent upon a good furnace operator 
than upon any other control which can be employed. 

In addition to this problem of controlling tempera- 
ture, we have no method of weighing a charge of 
molten metal prior to pouring. The entire contents of 
the water-cooled crucible must be poured immediate- 
ly. The quantity of metal involved depends upon the 
artistry of the operator. This is true to a great extent 
because of the different characteristics encountered 
in melting in different designs of furnaces. 

The geometry of the crucible—the rate of cooling, 
the relation of electrode size to crucible size, and par- 
tial pressure of inert gas within the chamber—all have 
a great effect upon the temperature of the melt. There 
still remain many unknown factors so we cannot 
predict accurately the results of any given pour 
until it has been tried. However, after a few runs a 
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good operator should be able to pour metal at de- 
sired temperature and quantity within +3 lb. 
ALLOY-CASTING EFFECTS 

Another field which still needs a good deal of inves- 
tigation is the effect of casting various alloys. For 
example, an alpha-beta alloy, such as Ti 6A1-4V when 
poured into a chilled mold forms a needle like basket 
weave structure of crystals. To obtain the desired 
mechanical properties in casting an alloy of this type, 
vigorous heat treatment is required. This is because 
the as-cast metal has a yield strength of only slightly 
above half its ultimate strength. 

The opposite extreme is exemplified by Zircalloy-2, 
an alloy of zirconium and nickel, with iron, chromium, 
and tin added. This alloy exhibits as-cast properties 
equivalent to wrought material with the exception of 
greater ductility. If these metals are to achieve com- 
mercial acceptance, casting alloys must be developed 
which will exhibit the desired properties of strength, 
ductility, and corrosion resistance with a minimum of 
heat treatment after casting. 





Fig. 2—Two-in. titanium globe valve body cast in rammed 
graphite mold. 
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Fig. 1—Centrifugally cast pipe—6 in. diameter, 6 ft long titanium. 





Casting Reactive Metals 


Some of the other reactive metals, such as molyb- 
denum, niobium, and tantalum should find a ready 
market as cast shapes. Before we can cast these metals, 
we need more basic research on melting points, heat 
capacities, thermal conductivities, and purity required 
for as-cast ductility. 

Molybdenum in the commercial purity available 
today exhibits absolutely no ductility in the as-cast 
state. In fact, it must be hot forged before any sub- 
sequent machine work can be done on it. However, 
studies by Gordon Poole at the Colorado School of 
Mines' indicate that molybdenum in the range of 3 
ppm nitrogen, 10 ppm carbon and oxygen, is ductile 
in the as-cast state. Molybdenum of this purity is 
still practically unavailable so no experimental shape 
castings have been tried. This is another phase of 
the rare metals industry which should be pursued. 

The availability of higher purity tantalum and nio- 
bium, and lower prices, will undoubtedly stimulate 
activity in these two metals as well. 

Perhaps the so-called super alloys, both iron and 
nickel base, do not belong to the family of reactive 
metals. Results obtained by vacuum melting these 
materials indicate their behavior should put them in 
this class. Conventionally-melted material of this type 
shows improved mechanical properties after subse- 
quent vacuum melting. The nearest approach to the 
maximum potentially available mechanical properties 
can be obtained by starting with extremely high-pur- 
ity raw materials followed by vacuum melting. 

A proprietary nickel-base alloy containing Cr, Co, 
Mo, Ti, Al, and Fe, for example, if air melted once, 
or made from other than the highest purity raw mate- 
rial will contain detrimental oxide inclusions even after 
two, or more high-vacuum remelts. This problem of 
oxide inclusions is prevelent in any of the super 
alloys containing more than 2 per cent titanium or 
aluminum. Oxide conclusions add to the brittleness 
encountered in the as-cast state. 

Probably one of the greatest obstacles facing the 
reactive metal-casting business, is customer accept- 
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ance. One of the big factors involved here is cost. 
Using titanium, as an example, simple shapes as cen- 
trifugally-cast pipe (Fig. 1) can be made and sold 
profitably for as little as $8.00 a lb in the as-cast 
condition. The more complex shapes requiring exten- 
sive mold work may run as high as $100.00, $200.00, 
or $300.00 a lb, depending upon the unit size, quanti- 
ty, and complexity involved. 

With better materials, techniques, and equipment 
and increased volume, the cost of these castings is 
expected to drop to where they are competitive with 
other metals. 

One of the major fields of possible cost reduction 
is in molds. Until recently machined graphite seemed 
the best material to give a casting not contaminated 
to a great extent, and produced to close dimensional 
tolerances. The material could be fairly easily worked. 
If the shape of the casting were right the mold gave 
reasonably long life. 

Machined graphite was not a cheap mold to make 
since it had to be machined from solid material. In 
the case of cores or complex mold cavities containing 
re-entrant angles where the mold was pinched by 
solidifying metal, the mold was broken each time it 
was used to pour a casting, making the cost of the 
mold almost prohibitive. 

Massive metal molds of copper, aluminum, and even 
steel have been used in many cases successfully. How- 
ever, they have the same limitations we find in ma- 
chined graphite. 

A great deal of work has been done toward devel- 
oping a rammable mold material which will not con- 
taminate the metal castings. Probably the most suc- 
cessful consists of powdered graphite bonded with a 
carbonaceous binder. Fields, of Dupont, and Edelman, 
of Frankford Arsenal? have developed a mold mate- 
rial of this type which shows a great deal of promise. 
(Fig. 2) 

A somewhat similar material has been developed 
by the United States Bureau of Mines. The molds of 
this type in certain instances indicate that the price 
of the finished article in any quantity will be approxi- 
mately half of the price of a similar part made from 
machined-graphite molds and cores. There seems to 
be slightly more contamination in a rammed mix than 
is found in a machined graphite mold. This is not 
detrimental in many instances. 

Shrinkage and warping encountered in baking these 
molds prior to pouring presents a problem where 
close tolerance castings are required. In cases where 
close as-cast dimensions are not required the rammed 
mix does offer many advantages in the cost of the 
finished product and in the production speed. 

If the machined-graphite molds can be reused 10 or 
more times, generally they will be cheaper than 
rammed graphite. The greater ease of gating and riser- 
ing possible with the rammed material may prove 
more important than the cost alone. 


SCRAP UTILIZATION 


Another excellent opportunity for possible lowering 
of costs lies in utilizing scrap material for melting 
stock. There is a need for better methods of recycling 
gates, risers, and scrap castings with a minimum of 
labor and no deterioration of metal quality. 
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Another item which needs attention in cost reduc- 
tion is in a better and cheaper method of cooling the 
castings rapidly within the vacuum furnace without 
employing the inert gas now in use. Although this 
seems to be a minor item, it can account for as much 
as $1.00 a lb added to the price of the final product. 

It is important that these castings be cooled rapidly, 
since a furnace containing castings in the mold is 
inoperative. An idle furnace is not a money maker. 
Again using titanium as an example, castings must 
be cooled to about 1200 F before they can be exposed 
to air if surface oxidation is to be avoided. The fastest 
cooling method of these reactive metals is to back-fill 
the vacuum furnace with helium gas. If this gas could 
be salvaged and reused the savings could be tremen- 
dous. 

Sales resistence on the part of prospective custom- 
ers is a major obstacle which still remains. Until 
this obstacle is overcome, castings of reactive metals 
cannot be made on a mass-production basis. 








Me 


Fig. 3—Cast zirconium alloy reactor part. 





Fig. 4—Zirconium pipe, centrifugally cast, for redraw into 
thin-wall tube. 
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Casting Reactive Metals 





Fig. 5—Cast titanium one-piece 
shrouded centrifugal pump _ im- 
pellers. 





Education is needed to convince prospective buy- 
ers of the advantages of vacuum-melted, cast-reactive 
metals. Although many are familiar with the corrosion 
resistance and mechanical properties of these metals 
and alloys in the wrought form, castings are still an 
unknown quantity. 

Widespread application of cast reactive metals will 
continue slowly until more general knowledge is avail- 
able and disseminated upon their properties. 

A second phase of this sales problem concerns 
making known the availability of shape castings. Those 
which are either more economical to produce by this 
method, or shapes not practical to produce by other 
methods. Two entirely different types of zirconium 
castings serve to illustrate this last point. 

The first is a static-poured shape casting of zirco- 
nium alloy used in a thermal nuclear reactor (Fig. 
3). The part produced by casting exhibited entirely 
satisfactory strength and corrosion resistent properties. 
Its cost was less, and the percent recovery of the 
rather rare and expensive zirconium metal was much 
greater than comparable parts made either by machin- 
ing from solid material or from forgings.* 

A second illustrative item is a centrifugally-cast zir- 
conium pipe (Fig. 4) from which thin-wall tubing 
may be drawn. In atomic-power reactors, the cost of 
zirconium tubing can be a major item. Such a large 
item that in many cases it is more economical to 
use stainless steel tubing and go to a higher enriched 
fuel than to use the more expensive zirconium tubing. 

If this tubing is made from redrawn centrifugally- 
cast material, its cost should be lowered sufficiently. 
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The economic balance between tube efficiency and 
cost, and fuel element cost should swing to zirconium 
tubing. This tubing requires less potent fuel than 
stainless steel. 

Items such as one-piece, completely-shrouded, cen- 
trifugal pump impellers (Fig. 5) serve as a good 
example of shapes which cannot be produced by 
means other than casting. These parts are now avail- 
able. The prospective customer must be made to know 
they are available, and that they can be made at a 
reasonable price. 

SUMMARY 

Before shape castings can be expected to occupy 
the quantitative position they deserve in the reactive 
metals field, we must solve the questions of gas poros- 
ity, and temperature control. The problem of what to 
do with conventional alloys, heat treatment, and de- 
veloping better alloys specifically for casting must be 
solved. The problem of better and more efficient meth- 
ods of making these castings to reduce cost, and of 
selling the prospective customers on the advantages 
and availability of these shapes must be answered. 
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THE PROBLEM OF HOT MOLDING SANDS 


R. W. Heine,* E. H. King,** and J. S. Schumacher*** 


INTRODUCTION 


In some foundries, molding sand may be used a 
number of times during each molding and pouring 
period. As the sand is reused for molding, its average 
temperature rises because of heat input of the metal 
poured into previous molds. After being reused sev- 
eral times a fairly stable temperature above room 
temperature is attained by the sand at the point of 
the molding operations. 

Thus, the first molding in a work period is done 
with ambient temperature molding sand of about 50 
to 85 F. The later molding is done with sand at a 
consistently higher temperature, such as 100 to 160 F. 
The higher molding-sand temperatures have been 
suspected of having a harmful effect on molding sand 
properties. These temperatures were suspect in impair- 
ing the sand molding behavior, and causing casting 
defects. 

Numerous foundrymen have shown positively the 
relationship of rise in temperature of the molding 
sand to an increase in casting defects and difficul- 
ties in molding with the hot sand. 


EFFECT OF TEMPERATURE ON SAND CONTROL 
PROPERTIES 

As a starting point, it is important to know wheth- 
er some properties commonly measured by sand con- 
trol tests are altered significantly by increasing sand 
temperature in the range of 60 to 160 F. The follow- 
ing experiments were carried out: 

A standard 18-in. D vertical-wheel muller was run 
at 42 rpm and equipped with electrical heating ele- 
ments and thermal insulation. This was so the tem- 
peratures of the muller parts in contact with the 
sand could be maintained at a particular temperature 
above room temperature. Molding sand was heated 
to the temperature being studied, and charged into 
the muller at the same temperature. Water was add- 
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ed immediately and the sand was mulled for six min 
at this temperature. 

The sand was riddled through a No. 6 sieve into 
an insulated, preheated container. Container and sand 
were placed in an oven held at the temperature be- 
ing studied. All sand testing equipment which might 
contact the sand was heated in the same oven to 
avoid heat loss to the specimen tube and compression 
plates. 

Standard 3-ram specimens were prepared and test- 
ed as rapidly as possible. Moisture determinations 
were made on broken green compression specimens. 
Using this technique, the effect of sand temperature 
on some properties of several sands was determined. 

Table 1 presents data relating some properties to 
temperature for a new sand mixture composed of 
8.0 per cent southern bentonite, and 92 per cent 85 
AFS, 4-screen sand. Table 2 presents similar data for 


TABLE 1 — COMPARISON OF SOME STANDARD 3-RAM 
PROPERTIES OF A SOUTHERN BENTONITE BONDED 
SAND AT ELEVATED TEMPERATURE AND ROOM 








TEMPERATURE® 
Green Dry 
Temperature Compressive Compressive Av. Mold 
F % H2O Strength, psi Strength, psi Hardness 
60 4.20 12.5 100 85 
90 4,20 13.7 92 85.5 
60 3.30 18 56 89 
122 3.30 19.5 48 89.5 
60 3.0 21.0 44 91.5 
122 3.0 21.0 40 92 


*8.0 per cent southern bentonite, 92 per cent 85 AFS, 4-screen 
sand. 





TABLE 2 — COMPARISON OF STANDARD 3-RAM 
PROPERTIES OF A WESTERN BENTONITE BONDED 
SAND AT ELEVATED TEMPERATURE AND NORMAL 








TEMPERATURES?* 
Green Dry 

Temperature Compressive Compressive Av. Mold 
% H2O Strength, psi Strength, psi Hardness 

60 3.0 24.0 52 91.5 

90 3.0 23.0 47 91.0 

60 3.8 16.0 142.0 86.0 

122 3.8 15.7 132.0 85.5 


°8.0 per cent western bentonite, 92 per cent 85 AFS, 4-screen 
sand. 
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Fig. 1 — Effect of 
mulling time on 
temperature and 
per cent moisture 
of hot sand charged 
into muller at 250 
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Fig. 2 — Effect of mulling time on temperature per cent mois- 
ture, green strength and dry strength of hot sand charged 
into muller at 270 F. 
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Hot Molding Sands 


a new sand mixture of 8.0 per cent western bentonite, 
and 92 per cent 85 AFS, 4-screen sand. 

These sands were mulled with tempering water 
at room temperature for 10 min. They were then 
dried at 220 F, and heated to the temperature being 
studied and mulled with water. The data presented 
in Tables 1 and 2 represent a thoroughly mulled 
sand condition. This point must be recognized. 

Examining the data in Tables 1 and 2 indicate no 
substantial differences between elevated temperature 
sand and room temperature sand. This is as far as 
green and dry-compressive strength, and mold hard- 
ness at a given percentage of moisture. There is an 
indication of about a 5 to 10 per cent drop in dry 
strength at the higher temperatures. This is not re- 
garded as being really significant. 

Several foundry sands and new fire-clay bonded 
sands were tested in this way. The results were similar 
to those above for Tables 1 and 2. The results re- 
ported are believed to be applicable to most foundry 
sands for the properties and temperatures studied. 
No foundry sand involving malpractice of sand treat- 
ment such as overloading with clay or carbonaceous 
materials was studied. 

The data in Tables 1 and 2 are limited to a maxi- 
mum temperature of 122 F. This temperature was 
found a practical barrier to the techniques employed. 
This is because of the rapid loss of water from the 
sand above 125 F. Moisture evaporation begins below 
125 F, but the effect becomes pronounced above this 
temperature. 

Erratic results reflecting moisture loss during test- 
ing were obtained at higher temperatures. This is 
regarded as an important and useful observation. In 
foundry use, molding sands over 120-125 F can be 
expected to lose water rapidly. Therefore, they will 
be erratic in their molding behavior. 

When stored in a sealed container at temperatures 
over 120-125 F moisture moves from the sand mass 
as a whole and condenses on the container walls. 
The application of this observation to hot sand in 
storage bins is evident. Moisture leaving the sand 
condenses on patterns and causes sticking and other 
condensation problems. This can be observed in sand 
testing where condensation and sticking of sand to the 
specimen support occurs. 

For these reasons, the sand should be cooled during 
mulling to a temperature below 120 F. If the sand 
is discharged, from the muller at higher temperature, 
for example 160 F, moisture can be expected to leave 
the sand rapidly. This results in moisture segregation 
in storage, channeling in bins, condensation on pat- 
terns, and erratic green- and dry-strength sand prop- 
erties. 


EFFECTS OF MULLING HOT SAND 


In studying the properties of molding sands at 
temperatures over 120-125 F, it became obvious that 
the mulling and cooling of the sand was a major 
factor of the problem of hot molding sands. It was 
found impractical to try to achieve constant tempera- 
ture during the mulling cycle by mulling at temper- 
atures from 125 F and over. This is especially true 
at temperatures over 160 F. 
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At the higher temperatures, a constant percentage 
of moisture can not be retained in the sand during 
mixing. Rapid evolution of water vapor is encouraged 
by the mulling action. Both the temperature and 
moisture content of the sand decrease in a short 
time interval during mulling as shown in Fig. 1. Once 
the sand temperature has decreased to 120 F or 
below during mulling, both moisture content and sand 
temperature fall slowly. 

Figure 1 applies specifically to the sand charge and 
mulling conditions employed, but illustrates the gen- 
eral principles. In this specific case, a 4500 gram 
batch of dried molding sand was charged in the 
muller at 250 F. The full amount of water was 
added and mulling begun at once. No exhaust sys- 
tem was attached to the muller. Evaporation took 
place to the open air by the mixing action of the 
muller. 

Prior to mixing the batch, several batches of sand 
at the same temperature were mixed to bring the 
muller wheels and other parts up to the operating 
temperature. This mulling technique is the same as 
that in foundries with a hot sand problem. In these 
foundries sand is charged into the muller at a higher 
temperature, and mulled to a lower temperature by 
moisture evaporation. Figure | is an example of the 
changes in temperature and moisture of the sand 
during mulling. 

While these changes in moisture and temperature 
of the sand are occurring, the properties of the sand 
also begin to develop from the mulling action ( Fig. 2). 
To obtain data for Fig. 2, a 4500 gram batch of sand 
was charged into the muller at 270 F and 6.0 per 
cent water was immediately added. The same mulling 
conditions were employed as for Fig. 1. 

Mulling was continued for 3.0 min and samples 
were withdrawn for tests at appropriate intervals 
during mulling. The test results yielded data which 
are plotted in Fig. 2. 

The curves for temperature and moisture content 
of the sand show the same trend as in Fig. 1. Figure 2 
also shows that green compressive strength is de- 
veloped early, and continues to rise throughout the 
mulling period. However, dry compressive strength 
rises to a maximum and then begins to decrease again. 
Increasing dry strength early in the mulling period is 
the result of water distribution, wetting of the sand, 
and the mechanical effects of mulling. Decreasing dry 
strength later in the mulling period is the result of 
drying out of the sand. It can be seen that the mull- 
ing of hot sand involves two important physical pro- 
cesses—1) during mulling cooling of the sand occurs 
with its resultant evaporation of moisture, and 2) 
later in mulling, the properties of the sand are devel- 
oped. These two processes will be considered sepa- 
rately. 


COOLING OF HOT MOLDING SANDS 


When hot molding sands are mulled, temperature 
and moisture content of the sand decrease according 
to the general principles discussed and illustrated in 
Fig. 1. This decreasing temperature and moisture con- 
tent of the sand is bound to occur.This is because 
of the physical laws of vapor pressure and heat of 
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vaporization of water over the temperature range up 
to 212 F shown in Fig. 3. 

This figure shows that vapor pressure increases rapid- 
ly once temperatures over 125 F are reached. Further- 
more, the large surface area over which the water 
can be spread in a sand greatly accelerates the rate 
of evaporation. This combination results in an un- 
stable moisture level in the sand during mixing at 
temperatures over 125 F—especially over 160 F. The 
temperature of sand in the muller must then drop 
as moisture evaporates until a fairly stable moisture 
content and sand temperature is reached. The level 
at which the decreasing moisture and sand tempera- 
ture curves in Fig. 1 become stable will vary. The level 
will vary with the type of muller and its speed (rpm), 
exhaust system, size and temperature of sand batch, 
and timing and amount of additions. 

Even the per cent of water added at the beginning 
of the muller cycle influences the rate at which the 
sand is cooled to a temperature of 120 F or lower 
(Fig. 4) Two different batches were mulled using the 
techniques described. The sand was charged into the 
muller at 350 F. In one case, 6.67 per cent water 
was added, and in another 4.67 per cent water was 
added at the beginning of the cycle. With more water 
present initially, Fig. 4 shows that a temperature of 
120 F was reached in 3.60 min of mulling. When 
less water was present initially 4.9 min were required. 


MOISTURE IN SAND 


The moisture retained in the sand is higher when 
the water added initially is higher. In all cases studied, 
the sand temperature could be mulled down to 120 F 
rapidly by adding all the water immediately at the 
beginning of the mulling cycle. 

Water added to the muller should be regarded as 
having two different purposes - 1) water for cooling 
the sand, and 2) water to be mulled into the sand 
and retained as temper water. The amount of water 
required for cooling can be theoretically calculated. 
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TABLE 3 — WATER NEEDED IN MULLER 


Conditions 
Initial sand temperature = 350 F 
Specific heat® of sand = 0.183 Btu/Ib/F 
Cooling water = 68F 
Final sand temperature = 120F 
Solution®* 
1. Heat given up by sand in cooling to 120F: 0.183 x 
(350-120) = 42.2 Btu/ Ib 
2. Heat taken on by water on heating from 68 F to 120 F 
and evaporating at 120 F 
1.0 x (120—68) = 52.0 Btu 
1025.0 Btu (from fig. 2, Btu to evapo- 
rate water at 120 F) 
1077.0 Btu/Ib water 
3. Pounds of water required to cool one lb of sand from 
350 F to 120 F. 42.2 Btu/Ib sand—1077.0 Btu/Ib 
water = 0.0392 lb water or approximately 3.90 per 
cent water are required to cool the sand from 350 F to 
120 F assuming none condenses and drips back into 
the muller. 





*Average of experimentally determined values for several 
molding sands over the range. 
**°This method is an approximate one of sufficient accuracy for 
the purpose of this paper. 
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Fig. 5 — Theoretical percentage of water required to cool sand 
from its initial temperature to 140, 120, and 80 F. 
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TEMPERATURE OF SAND CHARGED TO MULLER 


Fig. 6 — Experimental water requirements to cool sand from 
its initial temperature to 120 F and cooling time required. 
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Hot Molding Sands 


Consider the problem in Table 3. 

In Table 3 the total water added to the muller 
must allow 3.90 per cent for cooling and evaporation, 
plus the percentage to be retained as temper water. 

The theoretical water requirement was calculated 
in this way from several initial sand temperatures. 
This requirement is plotted in Fig. 5 for final tempera- 
tures of 80, 120, and 140 F. The theoretical calcula- 
tions can be checked against experimental determin- 
ations from the data and graphical presentations in 
Figs. 1 and 4. For a 4500 gram batch of sand charged 
into this muller at 250 F with 4.80 per cent moisture, 
Fig. 1 shows that the water content has decreased to 
2.80 per cent and the temperature to 120 F. after 3.0 
min mulling. 

This indicates an experimental evaporation loss of 
2.0 per cent for cooling the sand from 250 F to 120 F. 
compared with a calculated loss of 2.20 per cent. 
Experiments at other initial sand temperatures gave 
the results listed in Table 4. The experimental and 
calculated evaporation losses in Table 4 are plotted 
in Fig. 6. Figure 6 shows the experimental losses are 
about 10 per cent less than the calculated ones. This 
is probably due to condensation of the steam and its 
return to the sand by drippage from the muller parts. 

Time is required to cool the sand since the water 
must be evaporated. For example, Fig. 1 shows that 
3.0 min are required to mull the sand from 250 F to 
120 F under the conditions described. The time re- 
quired to cool the sand down to 120 F is listed in 
Table 4, and plotted in Fig. 6 for various initial sand 
temperatures. 

When insufficient cooling water is added at the 
beginning of the mulling cycle, the time required 
to cool the sand is extended. Except for the case at 
350 F when insufficient water was added initially, the 
data in Table 4 and Fig. 6 assume that sufficient water 
has been added to cool the sand and leave water for 
tempering at 2.8 to 3.9 per cent. 

Even with sufficient water present, time is required 
for the sand temperature to decrease to a temperature 
where mulling begins. Not until the sand grains are 
cooled to about 160 - 170 F will moisture remain on 
them long enough so that effective mulling begins. 
When the average temperature is above 160 to 170F, 
evaporation occurs so rapidly during mixing that a 
true mulling action does not occur. 

Rapid cooling of hot sands can be accomplished by 
a maximum water addition at the beginning of the 
cycle. The magnitude of the addition is based on the 
total of that required for cooling, plus that percentage 
to be retained as temper water. For the mulling con- 
ditions studied in this report this is the percentage 
shown in Fig. 6 for the initial temperature of the sand, 
plus the temper water desired. 

For other mixing conditions, the percentages will 
be somewhat different from those shown in Fig. 6. This 
depends on the nature of the mixing equipment and 
process. Finally, a mulling cycle of constant time 
interval does not guarantee equivalent mixing of 
successive batches of hot sand of varying temperature. 
This is because of the time required to cool the sand 
to a temperature where mixing begins. 

The value of a constant time for a complete mulling 
cycle for hot sands may be questioned on the basis 
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of the foregoing observations. Since the temperature 
of the ingoing sand may vary frequently, the time 
required to mull to any specific lower temperature 
will vary. A better practice is to control the time of 
mulling during a specific temperature interval, such as 
160 F to 120 F, at some minimum time. 

An alternative is—time measurement of the mulling 
portion of the cycle might not be started until the 
sand was cooled to 160 F. The initial time required to 
cool the sand to 160 F could be allowed to vary 
depending on the ingoing temperature of the sand, 
mulling conditions, etc. A definite time period for ef- 
fective mulling would be guaranteed. This works 
the laboratory. 


DEVELOPING PROPERTIES OF HOT MOLDING SANDS 


The moisture content and temperature of hold 
molding sands is transient during mulling. This is until 
a sufficient mulling time has elapsed so a stable mois- 
ture content and temperature combination is reached. 
It follows that the green and dry properties of the 
sand will develop to reflect the change in temperature 
and moisture content of the hot sand as it is mulled. 

For comparison, the development of sand properties 
during room temperature mulling must be known. 
Consider the mulling of new sand mixture of 8.0 per 
cent western bentonite, and 92 per cent 85 AFS sand 
with 4.0 per cent water. The effect of mulling time in 
a sealed 18 in. diameter vertical wheel muller operat- 
ing at 42 rpm on green compressive strength and dry 
compressive strength is shown in Fig. 7 

These properties rise to a maximum and then re- 
main virtually constant as mulling time increases. Fig- 
ure 7 also indicates that green strength is developed 
more rapidly than dry strength during mulling. This 
can be emphasized by replotting the data in Fig. 7 as 

1 Fig. 8. The latter figure is a graph showing how 
sain strength and dry strength vary simultaneously 
during the mulling period. The curves in Fig. 8 show 
that green compressive strength increases a little with 
increased mulling time. Dry compressive strength 
increases greatly. Adequate green strength can be 
reached quickly by mulling, but it may take longer 
to develop adequate dry strength. 

This is a significant point regarding hot molding 
sands. A major effect of high sand temperatures is to 
decrease the effective mulling time. High sand temp- 
eratures can delay dry strength development. Refer- 


TABLE 4 — EFFECT OF SAND TEMPERATURE ON 
COOLING DURING MULLING 
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ring to Fig. 8, a standard curve of the combinations 
of maximum green and dry compressive strength 
developed in this sand at different moisture contents 
by mulling at room temperature is shown. In mulling 
a new mixture the properties must gradually approach 
maximum as the graph shows. Mulling is complete. 
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MULLING TIME —MINUTES 


Fig. 7 — Effect of mulling time on green strength and dry 
strength developed of a new sand mixture at room tempera- 
ture, 70 F. 
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Fig. 9 — Same as Fig. 8, fireclay and southern bentonite mixes. 
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Curves similar to Fig. 8 can be obtained for other 
bonding clays such as southern bentonite and fire 
clay as shown in Fig. 9. This figure indicates that south- 
ern bentonite mulls to maximum properties more 
rapidly than western bentonite. It also shows that fire 
clay is unique in that its maximum dry strength is 
reached at about the same time as maximum green 
strength. 

It cannot be overemphasized that Fig. 7, 8, and 9 
apply to new sand mixtures mulled at room tempera- 
ture. If the fully mulled mixtures are dried and then 
remulled, the same changes takes place, but total 
mulling time to reach maximum green and dry 
strength is reduced from 6 to 10 min to 2 to 3 min 
for each clay-bonded type. 

The first mulling cycle takes longer, possibly because 
it requires time for dispersion and attrition of the clay 
as well as wetting with water. The second cycle re- 
quires only wetting with water. In foundry sands, 
where the sand has been mulled a number of times 
part of the clay may be thoroughly mulled. New clay 
additions for rebonding require the longer mulling 
times for developing maximum properties. 

The foregoing data shows that adequate green 
strength can be developed more quickly than ade- 
quate dry strength by mulling at room temperature. 

When hot molding sands are mulled, the progress 
of developing green and dry strength depends 
on sand temperature. If the sand is so hot that moist- 
ure will not remain on the sand grains, molding sand 
properties will not begin to develop during mulling. 

As sand temperature decreases during mulling, a 
temperature is eventually reached where the moist- 
ure will wet the sand grains (and clay), and remain 
long enough for mulling to progress. By visual ob- 
servation of hot sands charged into the muller at 
temperatures of 120 to 500 F, permanent wetting of 
the sand grains and effective mulling appears to be 
about 160 to 170 F. 

When the sand has cooled to this temperature, fur- 
ther mulling develops the green and dry properties 
in a manner similar to that at room temperature. 

This sequence of events has been illustrated in Fig. 
2 for a 4500 gram batch of sand charged into 18 in. D 
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Fig. 10 — Change with mulling time of green strength-dry 
strength combinations of a hot sand toward the room tem- 
perature green strength-dry strength combinations. The lower 
curve on this graph is replotted from Fig. 2. 
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verticle wheel muller at 270 F and 6.0 per cent water. 
The sand mixture was composed of 8.0 per cent 
western bentonite, 92 per cent 85 AFS 4-screen sand 
pre-mulled at room temperature for 10 min. 

Green strength is developed early and continues to 
rise throughout the mulling period (Fig. 2). Dry 
strength rises to a maximum and begins to decrease. 
The increasing dry strength of the early portion of 
the mulling period curve is the result of wetting and 
water distribution. Decreasing dry strength later in 
the mulling period is due to drying out of the sand. 
With continued mixing and decreasing temperature, 
the dry strength ( and related green strength) of the 
hot-mulled sand should approach that of the same 
sand mulled at ambient temperatures. 

This is shown by the data of Fig. 2 as in Fig. 10. The 
standard combinations of green and dry compressive 
strength for this sand thoroughly mulled at room tem- 
perature over a wide range of moisture contents is 
shown on the solid line curve in Fig. 10. The combina- 
tions of green and dry strength of the hot mulled sand 
of Fig. 2 are also shown, as is mulling time and mois- 
ture content of the hot sand. 

At first green strength develops quickly and in- 
creases slowly, while dry strength increases rapidly 
toward the maximum possible during the mulling and 
cooling of the sand. When the sand temperature has 
dropped to about 140 F, continued mulling is accom- 
panied by a decreasing dry strength and rising green 
strength because of moisture evaporation. Further 
changes in green and dry strength with increased 
mulling time parallel the changes occuring at room 
temperature. This is largely controlled by moisture 
content. 

The combination of green strength and dry strength 
of the hot mulled sand usually does not reach the 
maximum combination developed by mulling the same 
sand at room temperature. Early in the cycle Fig. 10 
shows that the green strength is low by only a small 
amount, while the dry strength is low by a large 
amount. After mulling the sand for 60 sec to a mois- 
ture content of 4.10 per cent, Fig. 10 shows that green 
strength is only 1.3 psi low, 15.8 max compared with 
14.5 psi. Dry strength under these conditions, however, 
is 100 psi low, 165 max compared with 65 psi actual. 

These principles imply that when molding sands 
are mulled hot, little loss of green strength is to be 
expected. Dry strength is likely to be low unless 
mulling is continued long enough. Erratic dry strength 
behavior is the result of the observation as applied 
to foundry sand usage. If the foundry has a fixed 
mulling cycle, but considerable variation of the temp- 
erature of sand charged into the muller, the result 
will be erratic dry strength behavior. This has been 
observed in foundry sand practice. 

Figure 11 shows the erratic dry strength properties 
developed after mulling 1.50 and 4.0 min under the 
mulling conditions previously described for a western 
bentonite bonded sand. Figure 12 shows similar results 
for a southern bentonite bonded sand. In both cases, 
the general trend of increased sand temperature is to 
increase the range of dry strength values noted at a 
particular moisture content. More variation is encount- 
ered at higher sand temperatures and the shorter 
mulling time. 
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Fig. 11 — Approach of dry compressive strength of hot mulled 
western bentonite sand toward maximum obtained by mulling 
at room temperature as time increases from 1 min-3.0 min. 


In both cases (Fig. 11 and 12), the green compres- 
sive strength of the hot mulled sand was either identi- 
cal with or only slightly lower than the anticipated 
value. Also, dry strength may be a little low or 
much lower than the anticipated value, depending on 
the initial temperature of the sand, total mulling time, 
and the final temperature to which the sand was 
mulled. The essential point is that if the sand is 
mulled long enough to cool it to a temperature below 
120F, a combination of green and dry strength will 
be developed. This will be reasonably close to the 
combination obtained by mulling the same mixture at 
room temperature. 

If a few tenths of a per cent additional water is 
added during the last 30 sec of the muller cycle after 
it has cooled below 130 F, the final combination of 
green and dry strength will be almost identical with 
those obtained by mulling at room temperature. 

The combinations of green and dry compressive 
strengths obtained by mulling at room temperature 
have been extensively investigated and reported.! This 
information provides the basis for room-temperature 
properties toward which the properties of hot molding 
sands will develop during mulling. The extent to 
which hot sands approach the properties developed 
at room temperature depends on the technique em- 
ployed in mulling. 

If the sand is mulled long enough to cool it to 
120 F or below, and a tenth or a few tenths of a per 
cent moisture are added late in the cycle, the prop- 
erties of the hot sand will be close to or identical 
to those developed by room temperature mulling. 
The foregoing assumes that the sand has not been 


1. R. W. Heine, E. H. King, J. S. Schumacher; “Correlation of 
Green strength, Dry Strength, and Mold Hardness of Mold- 
ing Sands” 1958 AFS Transactions, MopERN CASsTINGs, 
March 1958, p. 49. 
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PERCENT MOISTURE 
Fig. 12 — Same as Fig. 11 for southern bentonite sands. 


heated to a high enough temperature to cause de- 
crepitation of the clay bond present. 


SUMMARY 


The hot sand problem of production foundries in- 
volves two important physical processes. 

First, the sand must be cooled to a temperature 
where effective mulling begins. The cooling process re- 
quires a definite time interval and per cent water ad- 
dition depending on the temperature of the ingoing 
sand. Batch size, cooling air, type of muller, rpm of 
mulling, ambient temperature, and other variables 
also influence the actual cooling time required in any 
particular foundry set up. 

Nevertheless, there will be a certain minimum time 
required for cooling the sand to a temperature when 
effective mulling begins (160-170 F in these invest- 
igations). The total mulling cycle involves time for 
cooling, plus time for effective mulling at temperatures 
of 160 F or under. 

Second, mulling must be continued after the initial 
cooling period. This will cause adequate dry strength 
to be developed, and permit the sand to approach the 
ideal dry and green strength combinations which result 
from room temperature mulling. The criterion of 
adequate mulling time for hot sand should be dry 
compressive strength (or combination of green and 
dry strength) rather than green strength. 

The actual details of desirable mulling techniques 
for cooling hot sands and developing properties will 
vary depending on the condition existing in foundries 
having a hot sand problem. Techniques which have 
proven satisfactory in the cases studied are suggested 
in this paper. 

Other problems such as condensation on patterns, 
and sticking of sand grains to the condensate are 
particular to temperature differences between the 
sand and patterns. These difficulties will decrease as 
the sand is effectively cooled and mulled to below 
120 F. 
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STEEL SCRAP SPECIFICATIONS 
FOR DUPLEXING CUPOLA WHITE IRON 


By 


R. H. Greenlee* 


INTRODUCTION 

Many foundries leave to their purchasing depart- 
ment the full responsibility of selecting and purchas- 
ing the proper grades of steel melting scrap for their 
melting operations. This is often done without prop- 
er specifications being first submitted to the Pur- 
chasing Department by Metallurgy or the melting 
personnel. In this case, purchasing must shoulder 
the full responsibility of obtaining steel scrap with- 
out the benefit of a specification requirement. 

As can be seen under these circumstances, Pur- 
chasing is often unaware of the increased melting 
costs which results from the purchase of improper 
scrap. Through this error, there has undoubtedly been 
a tremendous quantity of poorly prepared, alloy con- 
taminated steel scrap used by various foundries. This 
type of scrap although it may have been purchased 
at a reasonable cost is costly when considering its 
effect on melting losses and producing quality iron. 


PURPOSE 

It is the purpose of this paper to: 

1. Present known facts which result from the use 
of improper steel melting scrap. Particularly facts 
which affect costs and metal quality. 

. To describe a program which was instituted at 
the author’s company to give concrete proof for 
the necessity of requiring rigid specifications for 
the purchase of steel melting scrap for cupola— 
electric-duplexing of malleable iron. 

3. To list those specifications which were necessary 
to insure quality iron at reduced costs, and to 
describe our steel melting scrap program as it 
is in effect today. 

4. Tabulate benefits resulting from the above pro- 
gram. 


bo 


EFFECTS OF UNDESIRABLE MELTING SCRAP 


Clips, busheling, etc. when exposed to the air blast 
of a cupola are an undesirable charging material. 





*Plant Supt., Auto Specialties Mfg. Co., St. Joseph, Mich. 
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They have a high ratio of surface to weight, and 
melting losses can be expected to rise accordingly. 
This loss is due primarily to excessive oxidation on 
the exposed metal surfaces. Chemical analysis at the 
spout is difficult to maintain within a certain chemical 
range. 

Silicon and manganese losses are higher. Charging 
this material is difficult, particularly if automatic 
charging equipment is used. 

The average car of steel scrap contains varying 
quantities of rusty, heavily-scaled scrap. This type of 
material is undesirable, because melting and oxidation 
losses are increased. Also, the metallurgical proper- 
ties of the iron produced from this type of scrap are 
impared. Using heavily oxidized material in the charge 
make-up requires a higher silicon and manganese base 
for a given analysis of these elements at the spout. 

Additional limestone is necessary to flux these ox- 
ides, as more erosion of the lining is experienced. 
This creates additional cost for repairing. It is dif_i- 
cult to control the analysis of an iron when the 
charge consists of a considerable per cent of this 
material. Wide fluxations are experienced in the chem- 
ical analysis of the iron at the spout. This makes 
it almost impossible to adjust the charge properly. 

Alloy found in otherwise good melting stock has 
created many problems for the metallurgist. This is 
particularly true when chromium is present. Small 
quantities of chromium in white iron retard the time 
required to graphitize white iron to malleable iron. 

Foundries carrying 0.03-0.04 per cent residual chro- 
mium in their iron have added several hr to their 
annealing or malleablizing cycle. Many castings 
throughout the malleable industry have been scrapped 
because of high chromium content. 

White iron containing 0.09-0.15 per cent chromium 
will not anneal completely regardless of the length 
of the annealing cycle. Other elements such as nickel, 
copper, and aluminum, have their deleterious effects 
on the degree of graphitization of white iron. Each 
of these elements promote the formation of primary 
graphite during solidification. 
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Approximately three years ago a program was in- 
stituted at the author’s company to study the effect 
and relationship of the various types of steel plate 
and structural melting scrap to cupola melting losses. 
An acceptable method of calculating cupola melting 
losses was the first consideration. After studying this 
problem it was decided that two methods of approach 
would be desirable. One from the standpoint of dol- 
lar value, and the other from weight loss. 

If the following factors were recorded, cupola melt- 
ing losses could be calculated within a fair degree of 
accuracy, and would show fluctuations in melting 
losses due to changes in charge make up providing 
the large tonnage figures considered were: 

1. Accurate weight of all raw materials being 
charged into the cupola. 

2. Actual costs of these raw materials. 

3. Weight of metal poured. 

The weights of all raw materials in the cupola were 
recorded on recording tape connected to the charge 
scales. These weights were totaled each day. To cal- 
culate the per ton cost of raw material charged, cur- 
rent delivered prices were used. 

The weight of poured metal represented the total 
weight of the iron in the molds for that particular 
day. All spill, drops, etc. were remelted in the electric 
furnace to eliminate these variables in computing 
melting loss. 

The electric furnace was being used only as a 
holding furnace for the refining and superheating of 
cupola metal. Therefore, any losses sustained here 
would be small and for the purpose of our tests 
remain quite constant. Figures shown as per cent 
melting loss include any loss resulting from the oper- 
ation of the electric furnace. 

Following is a report on the first of a series of 
three tests which indicates a relationship between 
melting loss and scrap preparation. 


Melting Loss Due to Scrap Preparation 


This report shows amount of dollars lost through 
melting when light, poorly-prepared steel scrap is pur- 
chased and used for melting stock. The following 
factors were carefully analyzed for 27 consecutive 
days: 

1. Raw material cost per ton charged each day. 

2. Melting loss recorded each day. 

3. Quality and type of steel scrap. 

For calculating the cost of the raw materials re- 
quired to charge one ton of iron, all raw materials 
with the exception of foundry returns were considered. 
They include pig iron, steel, coke, limestone, flour- 
spar, soda ash, manganese briquettes, silvery piglets 
and ferro-boron. 

The steel melting scrap was divided into four types: 

1. Extra light steel scrap 

Steel approximately 1 /32-in. thick 
2. Light steel scrap 
Steel between 1/32-in. to 3/16-in. thick 
3. Medium steel scrap 
Steel approximately 1/4-in. thick 
4. Heavy steel scrap 
Steel 1/4-in. and up—including structural, and 
hydraulic steel bundles. 
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Table 1 shows raw material cost per ton according 
to the type of steel scrap used. Each dollar value 
represents the average cost per ton of purchased raw 
materials for each ton charged based on one day’s op- 
eration. 

According to Table 2 had we been able to charge 
heavy melting scrap in place of the extra light to 
medium scrap for the 16 days we used lighter scrap, 
we would have saved $5,992.40. Also, during this 
same period, we would have saved 103.3 tons of 
iron lost due to oxidation in the cupola. This is over 
and above that which would have been lost had we 
been able to charge heavy melting scrap. 

Further tests were made involving an additional 
6000 tons of melting scrap. The results of these tests 
were essentially the same as noted in Table 1 and 
Table 2. 

To conclude this series of tests 4320 tons of metal 
were melted in the cupola using approximately 25-30 
per cent hydraulic steel bundles. The average cost of 
the raw materials per ton melted was $26.36. This 
figure is again a comparative one and does not rep- 
resent current prices. 

The same cost per ton of all raw materials was 
maintained throughout all tests. This figure of $26.36 
represents the lowest cost figure based on 50 per cent 
foundry returns obtained in any of the tests run. 

The type of scrap most frequently melted in the 
cupola prior to these tests falls under the classification 
of fairly light steel plate. This type of melting scrap 
gave a cost of $27.29 per ton melt. A savings of 
$0.93 per ton resulted when using hydraulic bundles 
instead of this scrap. 

Normally, hydraulic steel bundles can be purchased 
at a cheaper price per ton so the actual savings be- 
comes even greater. It is the conclusion of the au- 
thor’s company that well prepared alloy-free hydrau- 
lic steel bundles are the most economical source of 
steel scrap for cupola melting of white iron. 


TABLE 1 — RAW MATERIAL COST PER TON 
Extra Light Scrap Light Scrap Medium Scrap _ Heavy Scrap 





$27.11 $25.51 $25.51 $24.55 
27.19 25.61 25.96 25.07 
27.46 25.71 25.39 24.42 
27.59 25.51 24.83 
26.61 26.26 25.02 
mins 25.81 ca 24.33 
25.86 24.95 

26.35 te 24.53 

iets — 24.78 

24.86 

ees at cere 24.53 
Ave. 27.19 25.83 25.62 24.71 





TABLE 2 — COST VS. LOSS 


Extra Light Heavy 
Scrap Lgt.Scrap Med. Scrap Scrap 


Ave. cost/ton/melt $27.19 $25.83 $25.62 $24.71 








Dollars lost/ton 

Heavy scrap/std. $ 2.48 $ 1.12 $ 0.92 $00.00 
Total dollars lost 

heavy scrap/std. $2896.64 $2405.76 $690.00 $00.00 
Tons melted 1168 2148 750 2990 
Tons lost 79 116.7 27 91 
Per cent melting loss 6.8 5.5 3.6 3.04 
Tons lost per type scrap 

heavy scrap/std. 43.3 52.8 4.2 00.00 
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The extent of the savings will depend upon the 
preparation of the bundles, the source of the clips, 
and the amount used. The larger the per cent bun- 
dles used, the greater the savings as compared to the 
use of light plate for cupola charge makeup. 


Specifications for Steel Melting Scrap 


At the conclusion of the foregoing tests it was evi- 
dent that rigid specifications for purchased steel melt- 
ing scrap would be necessary if melting costs were 
to be kept under control. From the results of operating 
tests, the hydraulic steel bundle was selected to rep- 
resent the bulk of our steel melting scrap. 

One of the disadvantages of using steel bundles is 
that of detecting tramp elements which may be con- 
tained within the bundles. These tramp elements are 
not visible from the outside of the bundles. To solve 
this problem it was necessary to specify the sources 
of clips being used to produce the bundles. 

Sources of clips, after plant inspection, were ac- 
cepted or rejected on the following basis: 

1. Chemical analysis. 

2. Size and shape. 

3. Possibility of alloy being mixed with them. 

4, Physical appearance—clean, rusty, etc. 

Dealers producing bundles for the author’s compa- 
ny were permitted to use only those sources of clips 
which were on an acceptance list. Other clips found 
in bundles from unknown sources were used as a 
basis for car rejection. 

All incoming cars of steel scrap are checked care- 
fully for alloy contamination, quality of bundles, clean- 
liness of the car, etc. This information was recorded 
and became a permanent record for each dealer. 

Cars of bundles entering the foundry are previous- 
ly checked by qualified laboratory personnel. They 
report the condition of the cars in respect to size 
and quality of the steel bundles, and whether there 
is alloy in the cars. This report, and further check- 
ing if necessary, is carefully considered. 

As a result, the car is either accepted or rejected. 
If rejected, the dealer who produced the bundles is 
notified that specifications have not been adhered to 
and the car has been rejected for use in the foundry. 
Cars which meet specifications are further checked 
during unloading a@ during charging. Accepted cars 
which, during unloading, are found to not meet spe- 
cifications are rejected and the dealer notified. 

Through a constant routine checking of scrap 
it has been possible to improve the quality of steel 
melting scrap. 
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Steel Scrap Specifications 


BENEFITS REALIZED 


Benefits realized from a program such as described 
have been extensive. One of the most important is 
that of uniformity of melting conditions. This resulted 
in a closer control of chemical analysis. Steel bundles 
being quite uniform in size allowed for deeper blast 
penetration of the coke bed, less tendency for slag 
freezing at the tuyeres, and lower cupola back pres- 
sures. 

It is interesting to note that with less cupola back 
pressures we were able to obtain 500-700 cu ft per 
min more air thru the centrifugal blower than pre- 
viously. 

Silicon and manganese losses have been reduced 
by the use of cleaner scrap resulting in lower metal 
cost at the cupola spout. Annealing cycles have been 
held to a minimum due to the absence of alloy 
contamination in the iron. Generally, annealing cycles 
for the malleablizing of white iron accommodate the 
fluctuation of chemical analysis of the white iron. The 
greater the fluctuations, the longer the annealing 
cycles. 

Proper control of melting scrap and close control of 
all melting operations results in a more uniform anal- 
ysis. Residual alloys contained in the iron will be held 
to a minimum. The net result will be shorter annealing 
cycles, lower anealing costs, and increased annealing 
capacity. 

It is not uncommon for foundries to occasionally 
find they have castings which do not anneal properly. 
Upon investigation they find residual chromium con- 
tent in the iron to be high. Occasionally, the chro- 
mium content is found to be of such a high per cent 
that it is necessary to actually scrap the castings. 
This has been avoided by close control of all incom- 
ing scrap to be used in the melting operation. 

Records show that cupola melting losses have been 
reduced over the past three-year period. Higher man- 
ganese and silicon recovery have been experienced 
thus producing iron at a lower spout cost. 


CONCLUSIONS 


1. Melting costs can be reduced in any foundry by 
instituting quality specifications on all incoming 
melting scrap. 

2. Less casting scrap will be produced due to chem- 
ical analysis, particularly from high residual al- 
loys contained in the iron alloys which originated 
from purchased scrap. 

3. Annealing costs will be reduced as a result of 

shorter annealing cycles. 




















THE CHEMICAL TREATMENT OF COPPER ALLOYS 





R. W. Ruddle* 


INTRODUCTION 


The chemical treatment of molten metals is far 
from being a new branch of applied science. Rec- 
ords are available which show that chemical treat- 
ments were practiced as early or earlier than 1500 
B.C. There are numerous accounts of chemical treat- 
ments carried out during the last few hundred years. 
For example, a 17th century bell founder stated that 
he was able to improve the soundness of his castings 
by adding copper scale and potash to the metal prior 
to pouring. Hull’ states that during the last century 
founders commonly added an empty whiskey bottle 
to brass melts with the object of reducing zinc loss. 

Until recently the approach to this subject was 
entirely empirical and little was known of the mech- 
anism underlying the treatments practiced. However, 
in the last few decades a more scientific approach 
has been made to the subject and this has led to con- 
siderable progress in the understanding of the reac- 
tions which take place during the melting and casting 
of metals. 

The purpose of this paper is to review some of 
the standard chemical methods of treating molten non- 
ferrous alloys and to give some indication of the 
underlying theory behind these treatments. 

The main purposes of chemical treatment are: 

1) Reduction in melting losses. 

2) Prevention of dross formation which leads to in- 
clusions in the casting. 

3) Removal of gases. 

4) Production of the correct grain structure in the 
sting. 
. 


MELTING FLUXES 


The extent to which metal is lost during melting 
as a result of oxidation varies considerably with the 
type of furnace used. Reverberatory and other fur- 
naces where a large area of surface is exposed give 
the largest loss and electric furnaces the smallest. 
Some actual figures are highly instructive. For exam- 
ple, with gunmetals, Hanson and Pell-Walpole? quote 
losses in reverberatory furnaces of 0.7-4 per cent. In 
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crucible melting the recent work of Jackson and 
Brown* has indicated gross losses of about 2-4 per 
cent in melting leaded gunmetal. Cook* has shown 
that during yellow brass melting with induction fur- 
naces the loss is normally about 2 per cent. Conversion 
of these figures into dollars and cents show that the 
financial loss is considerable. Frequently, the melting 
loss accounts for more than half the cost of melting. 

The precise alloy being melted also has a large 
effect on the loss. For example, in crucible furnace 
melting Jackson and Brown® found losses of 2 per cent 
with 85-5-5-5 red brass, 4 per cent with 86-7-5-2 lead- 
ed gunmetal, negligible losses with phosphor bronze, 
about 3 per cent with yellow brass and about 2.5 per 
cent with high tensile brass. The figures quoted are 
those obtained when good practice is employed. 
Where practice is less than good, the melting loss may 
rise as high as 10 per cent or more. 

A commonly used method of reducing the metal 
loss is to spread a layer of charcoal about 1-2 in. 
thick on the surface of the melt. This acts mainly 
as a chemical barrier to the diffusion of oxygen into 
the melt and may also to some extent provide a physi- 
cal barrier against the outward diffusion of zine vapor. 
Jackson and Brown* have shown that with certain al- 
loys, in particular, those which do not have a high 
zinc content, (ie. a zine content not exceeding 
about 5 per cent), a charcoal cover produces a sub- 
stantial reduction in melting losses. For example, with 
red brass the melting loss is reduced from 2 per cent 
to about 1/2 per cent by a cover of this type. 

However, charcoal covers are much less effective 
in alloys where certain elements, such as zinc, are 
lost preferentially by volatilization. Here the fluid 
flux cover is the best means of lowering melting loss- 
es. The whiskey bottle already mentioned is an early 
cover of this type. Use of such covers can give, un- 
der production conditions, melting losses as low as 
0.1-0.2 per cent. Jackson and Brown,*® for example, 
found that with high tensile brass the melting loss 
was lowered from 2.5 per cent to about 0.1 per cent by 
such a cover, as illustrated in Fig. 1. Similarly Pursall* 
found that fluid flux covers reduced the metal loss 
in melting 65-35 yellow brass from 3.6 per cent to 
1-2 per cent depending on the precise flux used. 
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Fluxes of this kind are usually based on materials 
such as glass and borax. They are of such composition 
that they do not increase the normal attack on cru- 
cibles or furnace linings and are not so viscous that 
metallic particles are trapped in the flux when it is 
skimmed from the melt prior to pouring. Their main 
action is physical and they present a substantial bar- 
rier to the diffusion of gases in or out of the melt. 
It may be noted that the diffusion of metal and oxygen 
is extremely slow in silicate or borate slags. 

Sometimes these protective fluxes include ingredi- 
ents added for the removal of impurities from the 
melt. Aluminum, iron, zinc, phosphorus, arsenic, lead 
and silicon are among the impurities which can be 
removed in this way. Figures 2 and 3 show how the 
removal of iron and zine respectively are effected by 
the oxidizing power of the flux. 

With alloys containing elements which have a high 
affinity for oxygen but which form tenacious oxide 
skins, (aluminum in aluminum bronze is an example ), 
melting losses are generally low, about 0.25 per cent. 
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Fig. 2—Effect of flux composition on iron removal from phos- 
phor-bronze.8 
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Copper Alloys Treatment 





\ film of alumina is formed on the surface. This 
reduces the loss of other elements by oxidation and 
volatilization, acting in this respect much like a glass 
cover. However, formation of these films presents 
serious difficulties in aluminum bronze and _ similar 
alloys since the films make the metal sluggish and 
difficult to run. Furthermore, the oxide films may give 
rise to inclusions on the surface and in the interior 
of the casting. Besides being unsightly they have a 
marked weakening effect on the mechanical proper- 
ties. Fluoride-containing fluxes which absorb alumina 
are now widely adopted in practice for stripping oxide 
films from the metal surface thus greatly reducing 
these difficulties. 

Recent work by Sully, Hardy and Heal® with light 
alloys has shown that although these fluoride fluxes 
dissolve a little alumina, their main action in removing 
alumina films from the surface of the melt is a physical 
one. The fluxes wet the oxide films and cause them to 
float into the flux layer. For those interested in this 
subject, computations made by Atterton® indicate that 
the surface tension of the flux must exceed about 
1 dyne per cm for effective removal of alumina 
films. Atterton states that this condition is comparative- 
ly critical and that only certain quite restricted ranges 
of flux composition have surface tensions in excess 
of this value and are thus able to remove alumina 
films. 
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Fig. 3—Effect of flux composition on zinc removal from phos- 
phor-bronze.* 
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Fig. 4—Effect of gas porosity on strength of (A) lead-free 88- 
10-2 and 88-8-4 gunmetals and (B) leaded 85-5-5-5 red _ brass. 
Both deoxidized with phosphorus. 

- - - Porosity due to gas dissolved in melt. 

——— Porosity caused by mold reaction. 
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GAS REMOVAL 

The principal gases which dissolve in metals in sub- 
stantial quantity and therefore cause trouble during 
solidification of the casting by giving rise to porosity 
are hydrogen and several compound gases, such as 
steam, carbon monoxide and sulfur dioxide. 

The extent to which hydrogen or other gas poros- 
ity is harmful to the properties of copper alloy cast- 
ings is shown in Fig. 4. This illustrates the effect 
of gas porosity on the tensile strength of 88-10-2 and 
85-5-5-5 gunmetals. Other types of copper alloys, e.g., 
aluminum bronze, are similarly affected although gas 
porosity is relatively seldom troublesome in the cast- 
ing of the yellow brasses. 

For simplicity, treatments designed to remove hy- 
drogen and to prevent compound gas formation are 
considered separately below. 


Hydrogen Removal 


The solubility of hydrogen in liquid copper or oth- 
er liquid metals is relatively high but falls abruptly 
when the metal or alloy freezes, thereafter contin- 
uing to fall slowly as the temperature decreases 
(Fig. 5). Hence, if a casting has a gas content 
exceeding the solid solubility at the melting point, 
the excess gas will be suddenly thrown out of solu- 
tion when metal freezes and bubbles will form in 
the casting. In a very slowly cooled casting in which 
freezing was fully directional most of these bubbles 
could probably escape. But in practice this situation 
rarely obtains and usually most of the bubbles are 
trapped within the solidifying casting causing gas 
porosity. 

If a gassy melt is allowed to stand in air, much 
of the hydrogen dissolved in the majority of copper 
alloys will diffuse through the surface of the melt into 
the atmosphere. However, because of the diffusion 
barrier offered by the presence of the oxide skin on 
the surface the process is too slow to be of practical 
consequence. It can be made faster simply by stirring 
the metal with a paddle, thus breaking up the oxide 
skin and bringing gassy metal to the surface. Much 
greater acceleration can be produced by stirring un- 
der a flux cover which absorbs the oxide present 
on the surface and thereby removes one of the bar- 
riers to outward diffusion. 

Still more rapid hydrogen removal may be cb- 
tained by purging the melt with an inert gas which 
is insoluble in the metal. The dissolved gas diffuses 
into the bubbles of inert gas as they rise to the surface 
of the melt. To make this process as rapid as possible 
it is desirable to insure that the bubbles are as 
small as possible and are released as near as possible 
to the bottom of the melt. A given volume of gas 
passed through the melt will be more effective if the 
bubble size is small than if it is large since in the 
former case the surface area of the bubbles is a 
maximum. 

It should be pointed out that the effectiveness of 
degassing, although high at first, falls off as the gas 
content of the melt is reduced. It follows that if it 
is desired to reduce the hydrogen content of the 
melt to a very low value, large volumes of purging 
gas are necessary. However, the gas content of the 
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melt can be lowered to commercially satisfactory 
values such that porosity troubles are not serious in 
a relatively short time. 

The scavenging gas used to remove hydrogen from 
copper alloys is nitrogen. Baker and Child’ studied 
the degasification of copper alloys in considerable 
detail, finding that 100 Ib melts could be effectively 
degassed by passing dry nitrogen at 5 to 10 litres per 
minute (0.177 to 0.353 cu ft per min) for about 
5 minutes. The practice of nitrogen degassing how- 
ever presents some difficulties owing to the necessity 
of using relatively fragile refractory tubes to intro- 
duce the gas into the melt (stout graphite tubes 
are best). Also it is a nuisance to transport nitrogen 
cylinders and the attached tubing, etc., about the 
melting area. For these reasons nitrogen degassing 
has never become popular in copper alloys foundries. 


Prevention of Compound Gas Unsoundness 
(a) Mechanism of Porosity Formation 


As already mentioned, compound gases are also 
a common cause of porosity in copper, bronzes and 
gunmetals, and nickel alloys. The three gases in- 
volved are steam, sulfur dioxide and carbon monox- 
ide. Only the steam reaction is considered here in 
detail since the mechanism of porosity formation by 
sulfur dioxide and carbon monoxide is similar; and 
steam reaction porosity, from the point of view of 
most foundrymen, is probably the most important of 
the three. 

Both hydrogen and oxygen dissolve quite freely 
in copper and many of its alloys. The concentrations 
of these elements in the melt tend to reach equili- 
brium with the moisture content of the furnace at- 
mosphere according to the following equation: 

H.O (g) = 2H+0O°* 


During freezing the solubility of both gases falls as 
seen earlier when hydrogen alone was considered. 
As the result, steam bubbles form within the melt, 
and unless remedial measures are taken severe gas 
porosity will frequently result. The relationship be- 
tween the oxygen and hydrogen contents of the melt 


°The symbols H and O indicate that these elements are dis- 
solved in the metal. 
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Fig. 5—Solubility of hydrogen in copper alloys as a function of 
temperature (diagrammatic). 
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are governed by the equilibrium constant of the above 
reaction as given in the following equation: 
_ [H]2 [0] 
= 0 

Where [H] and [O] are the concentrations of hy- 
drogen and oxygen respectively in the metal and 
pH.O is the pressure of water vapor in the furnace 
atmosphere. 

This means that at any one temperature, assuming 
a given pressure of water vapor in the furnace atmos- 
phere, the (limiting) concentration of oxygen in the 
melt is inversely proportional to the square of the 
concentration of hydrogen. Conversely the (limiting) 
concentration of hydrogen is proportional to the square 
root of the concentration of oxygen. In other words, 
as the concentration of one gas increases, that of 
the other is reduced. The concentrations of these 
two gases in a copper or copper alloy melt are there- 
fore related by curves of the kind shown in Fig. 6. 
The precise position of the curve depends on the 
temperature of the melt and on the moisture vapor 
pressure. Increase in either of these quantities shifts 
the curve upwards as illustrated in Fig. 6. 

It should be emphasized that the gas concentra- 
tions given by the lines in Fig. 6 are the maxima 
that the melt can hold under the conditions assumed. 
It is possible for the melt to contain less gas than 
indicated by these curves. It follows that the actual 
plotted gas contents can fall to the left of the curve 
under consideration but not to the right of it. 


Fig. 6—Equilibrium between hydro- 
gen and oxygen dissolved in molten 
copper. (A) left—the effect of tem- 
perature (1 = 2642 F; 2 = 2282 F; 


3 = 2102 F); (B) right—the effect of 
water vapor pressure (1 = 335 mm 5 
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Fig. 7—Degassing by oxidation-reduction and by gaseous 
flushing (diagrammatic). 
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(b) Oxidation-Reduction Treatments for Prevention 
of Unsoundness 

It is obvious from Fig. 6 that if the oxygen content 
of the melt is raised to a relatively high value, the 
hydrogen content is limited to a low value. This fact 
is the basis of the oxidation-reduction degassing treat- 
ments so frequently employed in practice. The way 
in which this kind of treatment works can be illus- 
trated by reference to Fig. 7 and 8. Let it be assumed 
that a particular melt has picked up moderate quan- 
tities of both hydrogen and oxygen during melting 
and that the concentration of both of these elements 
are given by Point 1 on Fig. 7. 

The melt is now oxidized in order to expel the bulk 
of the hydrogen. Some oxidation can be effected by 
insuring that the metal is melted under an oxidizing 
flame. But to secure thorough hydrogen removal it 
is also normally necessary to treat the melt with 
an oxidizing flux. This treatment increases the oxy- 
gen content of the metal to that corresponding to 
Point 2 on Fig. 7. Hydrogen is thereby expelled 
from the melt as water vapor. The concentrations of 
oxygen and hydrogen travel down the curve of Fig. 7 
from Point 1 to Point 2. 

It is necessary to remove the bulk of the oxygen 
introduced by the oxidizing treatment immediately 
prior to pouring the melt. A deoxidant such as phos- 
phorus must, therefore, be added to the melt. This 
reduces the oxygen content of the melt to a low 
value corresponding to Point 3 on Fig. 7. The hy- 
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Fig. 8—Diagram illustrating concentration of hydrogen and 
oxygen in residual liquid during freezing. 


R. W. Ruddle 


drogen content remaining is substantially unaffected. 
The oxygen is removed (when phosphorus is used 
as the deoxidant) according to the following equa- 
tion: 


2P + 4Cu + 70 = 2Cu.O. P.O; (slag) 


The deoxidation product is a cuprous phosphate slag 
of the approximate composition 2Cu2O. P.O; and it 
may be noted that one unit by weight of phosphorus 
removes about 1.8 units by weight of oxygen.®?° 

It might be thought that addition of sufficient phos- 
phorus to bring the oxygen content of the melt back 
to Point 3 on Fig. 7 would suffice and that castings 
then made from the melt would be sound. This, how- 
ever, is not so for reasons which can best be explained 
by reference to Fig. 8. This figure, which is qual- 
itatively similar to Fig. 7, illustrates the equili- 
brium between hydrogen and oxygen in solidifying 
metal. It corresponds to a lower temperature and to 
a water vapor pressure of about 1 atmosphere (760 
mm or 29.9 in. of mercury) instead of to a water 
vapor pressure of a few tenths of an in. of mercury 
as is the case with Fig. 7 which applies to conditions 
during melting. Assume that the oxygen and hy- 
drogen concentration represented by Point 3 of Fig. 
7 correspond to Point A on Fig. 8. 

It will be noted that Point A is well removed from 
the curve. It must be remembered that steam bubbles 
cannot be formed in the melt unless the concentra- 
tions of oxygen and hydrogen when plotted yield a 
point on or to the right of the curve. Then the steam 
pressure at least equals the atmospheric pressure. 
However, during freezing of the casting both oxy- 
gen and hydrogen tend to concentrate in the still 
liquid part of the casting. The solid metal frozen in 
the earlier stages of solidification contains very little 
of either of these elements. The oxygen and hydro- 
gen concentrations in the liquid metal, therefore, 
tend to move along a line such as A B. Eventually 
these concentrations reach the critical value for steam 
evolution, at, for example, Point B. This generally 
happens fairly late during the freezing process. The 
steam bubbles formed at this stage are unable to 
escape from the casting and therefore give rise to 
gas porosity. 

For this reason it is necessary to add extra deoxi- 
dant to the melt when carrying out the deoxidizing 
treatment discussed above. This additional deoxidant 
does not much affect the location of Point 3 since 
at this point the small concentrations of oxygen and 
phosphorus dissolved in the melt are in equilibrium 
with each other. However, as soon as the oxygen 
concentration tends to rise during the freezing proc- 
ess the reaction above goes to the right and the 
“extra” oxygen is precipitated in harmless form as 
small globules of cuprous phosphate slag. 

This, of course, does not affect the way in which 
hydrogen concentrates in the residual liquid during 
freezing but it does prevent the oxygen from simi- 
larly concentrating. The hydrogen-oxygen concentra- 
tions in the residual liquid, therefore, travel along line 
A C instead of along line A B of Fig. 8. It will 
be observed that these concentrations must move a 
long way along line A C before the concentrations of 
the two gases reach the critical value and for this 
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reason gas porosity does not develop unless the hy- 
drogen concentration of the melt was initially high. 

It is instructive to consider the amounts of phos- 
phorus necessary to prevent steam reaction unsound- 
ness from arising. The initial deoxidation effected 
before pouring (along the Line 2-3 in Fig. 7) gen- 
erally necessitates a phosphorus addition of about 
0.01 per cent. Recent studies of the equilibrium be 
tween oxygen and phosphorus in copper melts have 
shown that in order to prevent undue concentration 
of the oxygen during freezing a residual phosphorus 
of about 0.005 per cent is necessary’. This is illus- 
trated by Fig. 9, which shows the porosity found in 
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Fig. 9—Effect of residual phosphorus content on porosity of 

6-1/4-in. chill-cast ingots in cadmium-copper. (A) Metal of 

moderate hydrogen content. (B) Metal purged with nitrogen. 
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ingots of copper-cadmium alloy with low oxygen con- 
tent and low or moderate hydrogen contents at the 
time of deoxidation. It follows that when using the 
oxidation-reduction treatment the minimum effective 
phosphorus addition is about 0.015 per cent. In prac- 
tice a somewhat larger addition, 0.02-0.025 per cent, 
is usually made to allow a safety factor. 

(c) Gaseous Degassing Treatments 

Another method of insuring freedom from gas un- 
soundness is to melt the metal under a charcoal or 
other reducing cover. This prevents the melt from 
picking up oxygen and also largely deoxidizes the 
melt should the charge itself contain oxygen. Hydro- 
gen is, however, freely admitted to the melt during 
melting under charcoal and when the melt is ready 
for pouring, the gas concentrations are liable to be 
as depicted by Point 4 on Fig. 7. 

The hydrogen can be readily removed by passing 
nitrogen or other inert gas through the melt as dis- 
cussed earlier. At the end of this process the concen- 
trations of hydrogen and oxygen are again given by 
Point 3 of Fig. 7. Deoxidation is again imperative to 
prevent concentration of both oxygen and hydrogen 
in the melt. But since the oxygen content is already 
much lower than is the case when the oxidation- 
reduction treatment is effected, a smaller phosphorus 
addition of, say 0.01 per cent, is adequate. 

(d) Practical Fluxes and Deoxidizers 

Reducing fluxes employed when nitrogen purging 
is adopted generally contain a fair amount of carbon- 
aceous material. On the other hand oxidizing fluxes 
consist of an oxidizing agent, such as cupric oxide 

TABLE 1— EFFECT OF VARIOUS DEGASSING 


TREATMENTS ON THE DENSITY AND MECHANICAL 
PROPERTIES OF SAND-CAST COPPER ALLOYS 





Elonga- 


Tensile tion 
Density, Strength, in 2 in., 
Alloy Tre°tment g/cc Ib/in? % 
88-10-2 Phosphorus dexoidized 
Gunmetal | only 8.60 32,950 21 


Melt treated with 
oxidizing flux 
Phosphorus deoxidized 8.71 41,450 36 
Melt gassed with 
hydrogen 
Phosphorus deoxidized 8.57 31,800 13 
Melt gassed with hy- 
drogen; later treated 
with oxidizing flux 
and phosphorus 
deoxidized 8.62 41,650 28 
Melt gassed with hy- 
drogen; later degassed 
with nitrogen and 
phosphorus deoxidized 8.80 45,250 25 
88-8-4 Melt melted in reduc- 
Gunmetal — ing flame 


Phosphorus deoxidized 8.46 20,900 6.5 
Melt melted in oxidiz- 

ing flame 
Phosphorus deoxidized 8.74 34,950 17 


Melt melted in oxidiz- 
ing flame, treated with 
oxidizing flux and 
phosphorus deoxidized 8.74 45,450 38 
85-5-5-5 Melt melted in oxidiz- 
Red Brass _ ing flame 
Phosphorus deoxidized 32,250 17 
Melt melted in oxidiz- 
ing flame; later treat- 
ed with oxidizing flux 
and phosphorus de- 
oxidized ne, 35,250 23 
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Copper Alloys Treatment 


and a fusible salt which gives the flux adequate 
fluidity. For example, Baker and Child’ recommend 
a flux consisting of cupric oxide and potassium nitrate. 
Hanson and Pell-Walpole* suggest the use of either 
cupric oxide or manganese dioxide as the oxidizing 
agent. Sand or glass is often used as the fluidizing 
material. Naturally the effectiveness of a flux de- 
pends to some extent upon both its oxidizing power 
and on the quantity of flux used. The influence of 
both these variables is illustrated in Figs. 10 and 11. 
These figures, which apply to metal used in the 
manufacture of chill-stick, show that while the ef- 
fectiveness of the flux increases progressively with 
its oxidizing power there is a useful limit to the pro- 
portion of flux used with a given melt. 

It might be thought that the main effect of the 
oxidizing flux would be to reduce the amounts of 
easily oxidizable elements in the alloy, such as tin, 
zinc and phosphorus, before effecting any substantial 
hydrogen removal. However, in fact, hydrogen elimi- 
nation is successful and the loss of these metals is 
relatively small. The reason for this is probably that 
the reaction between hydrogen and cupric oxide takes 
place mainly at the flux-metal interface. The rate of 
diffusion of hydrogen to this interface is rapid whereas 
that of the metallic elements, tin, etc., is relatively 
slow. 

Furthermore, the fact that steam can readily es- 
cape from the slag means that equilibrium between 
the oxygen content of the slag and that of the metal 
is not attained until a large part of the hydrogen 
has been removed from the melt. The slag, on the 
other hand, soon becomes saturated with the oxides 
of tin, etc., and a condition of local equilibrium be- 
tween the slag and the adjacent region of the melt 
is soon reached. When this occurs, further oxidation 
of these elements is slow owing to the slow diffusion 
already mentioned. 

The main requirements of deoxidizers are: (a) a 
high affinity for oxygen, (b) that the products of the 
deoxidizing reaction should separate readily from the 
melt, preferably as a fluid slag, and (c) that excess 
of the deoxidizing element remaining in the metal 
should not adversely affect it. Among the substances 
used for deoxidation are calcium, calcium boride, cal- 
cium silicide, copper, magnesium, lithium, phosphor- 
us, manganese boride, silicon and sodium. 

Of all these phosphorus is far and away the most 
valuable since it is cheap and forms a liquid deoxi- 
dation product. The efficiency of deoxidation by 
phosphor copper is to some extent dependent on the 
grading and phosphorus content of the material. It 
has been shown that relatively large lumps are 
preferable to fine powders. It has also been estab- 
lished that it is best to add the phosphor copper in 
one unit rather than in small quantities®*. Calcium 
boride also forms a liquid deoxidation product but 
this material is relatively expensive. Its main use is 
its application to high conductivity copper where 
an excess of phosphorus in the melt has an adverse 
effect on the electrical conductivity. 

Residual phosphorus also has an undesirable effect 
on nickel alloys. With these alloys deoxidizers such 
as manganese, magnesium, lithium and boron are 
generally used. Sometimes it is economic to use phos- 
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phor copper to effect most of the deoxidation, adding 
insufficient however, to leave a residual phosphorus 
content. Final deoxidation is then produced by addi- 
tion of one of the more expensive but less harmful 
elements such as lithium. Lithium has the added 
advantage of also removing hydrogen. 


Effect of Degassing Treatments on Tensile Properties 

The beneficial effect of degassing treatments on 
the soundness and tensile properties of copper and 
copper alloy melts are too well known to require 
much emphasis but a few examples taken from the 
literature’'* are given in Table 1. See also Fig. 4. 


Assessment of Gas Content 


It is clearly desirable to know whether a given 
degassing treatment is in fact proving effective and 
it is worthwhile considering methods for assessment 
of gas contents. There are several ways in which 
this can be done. In research work fusion of a pre- 
viously solidified sample under vacuum is often re- 
sorted to, the gases evolved from the sample being 
analyzed. This technique is far too slow and expensive 
for foundry use. 

A very reliable method is the measurement of the 
density of a sand-cast sample of standard shape. From 
this is computed the porosity of the sample which is 
a measure of its gas content. This method is most 
valuable in experimental work and “trouble-shooting” 
in the foundry. It is perhaps too slow for routine 
use although a rapid modification which can be com- 
pleted in 2-3 minutes has recently been developed"™. 

An extremely valuable method suitable for routine 
use is the technique in which a small sample of molten 
metal is allowed to freeze under vacuum. Gas con- 
tent of the metal is assessed by observation of the 
evolution of gas bubbles during freezing or by sub- 
sequent sectioning of the frozen slug. 


GRAIN REFINEMENT 


Until lately there were no generally applicable 
methods for grain refining copper alloys although it 
has for a long time been known that refinement can 
be produced by the addition of relatively large quan- 
tities of iron (1 per cent or more). This technique 
is made use of in many commercial compositions for 
high tensile brasses and aluminum bronzes. It is not 
recommended for gunmetals since it is liable to give 
rise to rust spots and to hard particles. 

Dennison and Tull't have obtained substantial 
grain refinement of hypereutectic aluminum bronzes 
by means of boron additions. It is thought that the 
boron forms boron carbide particles which serve as 
nuclei to facilitate the freezing of the aluminum-rich 
beta phase. This technique has a beneficial effect 
on mechanical properties. For example, increases of 
about 13 per cent in tensile strength and 46 per cent 
in elongation have been obtained using additions 
of 0.2 per cent boron. More recently the same authors 
have succeeded in producing some refinement in 
hypo-eutectic aluminum bronzes by means of additions 
of molybdenum, niobium, tungsten or vanadium", 

A few years ago Cibula’® showed that marked 
grain refinement could be produced in a wide range 
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of bronzes and gunmetals by addition of 0.03 per 
cent zirconivm together with 0.02 per cent boron, by 
boron alone or by other elements such as titanium 
and cobalt. It seems probable that in this instance 
the nuclei are the carbides and the nitrides of the 
elements added. However, Cibula found that in many 
cases grain refinement was not beneficial with cop- 
per based alloys, especially bronzes and gunmetals". 
Although the refinement reduces the total amount of 
porosity owing to better feeding it unfortunately has 
the effect of distributing the residual porosity in the 
form of layers which have a very damaging effect on 
the mechanical properties and especially on pres-— 
sure-tightness. On the other hand, when normal un- 
refined gunmetals are cast at temperatures which 
are too low a sound and pressure tight skin of colum- 
nar crystals is produced. 


CONCLUSION 


In conclusion it should be emphasized that this 
review has skated very briefly over the subject of 
the chemical treatment of copper alloys. In fact, 
the details and mechanism of each type of treat- 
ment are a good deal more involved than have 
been indicated. It should also be emphasized that 
the precise treatment to be employed in any given 
case depends upon several factors including the type 
of melting unit and the fuel, the alloy being treated, 
the form of the charge, the type of casting being 
made and other factors, and that considerable experi- 
ence and “know-how” are needed if the best treat- 
ment is to be selected. 
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SIEVE RATIOS AND PROCESSING FOR STRONG MOLDING SANDS 


J. Parisi*, O. C. Nutter**, and C. Michalowski* * 


ABSTRACT 


This paper presents a method for quantitatively re- 
lating the proportions of screen sizes for formulating 
molding sands. The method applied to the 4-screen 
Schumacher sand shows effective use of 91 per cent 
of the grain sizes present. The method applied to the 
typical sands given in the AFS Foundry Sand Hand- 
book also gives good correlation. Analyses of other 
published screen-size distributions are given. 

The important progress made by specific adjacent 
screen formulations of molding sands is a_ stimulant 
for the making of similar progress in the sand prepara- 
tion phase. Attention to little stressed details is re- 
quired, such as—1) obtaining the most efficient premix- 
ing possible before additions of temper water which 
reduces the flowability and probabilities for uniform 
distributions, and 2) application of full mixing and mull- 
ing energy uniformly to small volume increments of 
sand, clay and water. 


MOLDING SAND SCREEN-SIZE DISTRIBUTIONS 


A survey of the literature indicates that from four 
to seven adjacent screen sizes are desirable for good 
all around molding sand properties. A typically good 
sand listed in the AFS Founpry SAND HANbBOOK ( Fig. 
86), consists of 5 adjacent screen sizes, plus 2 addi- 
tional half screens—one on each end. Schumacher’s! 
4-screen sand at a GFN of 69 gives excellent charac- 
teristics. Heine® found the 4-adjacent screen sand at 
a GFN of 89 responded readily to jolt molding to 
give a strong, high hardness mold. Silk® found that 
a good casting finish with minimum expansion trou- 
bles can be obtained with 7-adjacent screens. 

The question relative to quantitative limits for a 
4-screen molding sand was presented by Mr. Schu- 
macher'. The following evaluation is considered to 
throw more light on this subject. 

Sand-packing calculations are normally done with 
spherically-shaped grains, providing a base point to 
apply deviations consistent with the actual shapes 
involved. A container filled with uniform-size spheres 
of any diameter, packed in the closest possible 
manner, has a total void volume of 26.0 per cent. De- 
pending upon the relative orientation of the layers, 
the major amount of the void volume can be present 
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as continuous straight holes through the mass of 
grains, no matter how thick. 

In this case appropriately-sized rods can be inserted 
through the thickness without disturbing any of the 
spheres. There are three such holes surrounding in 
each sphere at 120° positions (Fig. 4). 

Each unit cell is formed by 6 spheres, and is rhom- 
bohedral’. There are two cell openings, one at each 
end in separate parallel planes. 

Another form of 100 per cent controlled orientation 
exists where there is no continuity of open-end cells. 
This type of void or cell is that formed by one 
sphere resting in a seat formed by 3 spheres. It is 
called tetrahedral’. The relative sizes of the largest 
spheres that will fit into the rhombo and tetra voids 
are 0.414 D and 0.224 D. There is 1 of the rhombo 
and 2 of the tetra for each large sphere. 

The above data deals only with one uniform size 
of sphere and indicates the sensitive nature of a mass 
composed of spheres. Variation in permeability can 
be expected as the dynamics of packing affect the 
relative number of closed and semi-continuous voids. 
There are six orderly packing arrangements of uniform 
spheres, ranging from cubic to rhombohedral. This pre- 
sents the possibility of formation of some of each 
within a container along with additional voids at 
discontinuities. 


RHOMBOHEDRAL AND RHOMBIC PACKING 


Rhombohedral packing is the closest packing pos- 
sible. It does not usually exist in foundry sands be- 
cause of the peculiar screen distribution required. 
One principal sphere size D will accommodate 1 
void sphere size 0.414D, and 2 void spheres size 
0.225D. The weight relationships are 91.4 per cent, 
6.45 per cent, and 2.1 per cent. Using a starting mesh 
of 50, the void spheres must come from sizes on 140 
and 270 screens. 

Two empty screens adjacent to the starting size are 
required to prevent interference with the formation 
of a rhombohedral packing. It actually can be rated 
as a one-sieve sand. This type of structure in the 
absence of water and clay films would have a low 
deformation potential from the standpoint of grain 
shifts described later in cubic system. 
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TABLE 1—SIZE RELATIONSHIPS OF STRUCTURE, KEY, SUPPORT, AND VOID BALLS FOR THREE-PACKING SYSTEMS 
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U. S. Mesh Sizes Cubic System 


Mesh Mean Size Keyball Support Ball* 
No. Size _ Range 0.732 D 0.268 D 
~ 0.0469 ~ 0.03433 0.0126 
20 0.0400 0.02928 0.0107 
0.0331 0.02423 0.0088 
0.0331 0.02423 0.0088 
30 0.02815 0.02061 0.0075 
0.0232 0.01698 0.0062 
0.0232 0.01698 0.0062 
40 0.0198 0.0145 0.0053 
0.0165 0.0121 0.0044 
0.0165 0.0121 0.0044 
50 0.0141 0.01032 0.00378 
0.0117 0.00857 0.00314 
0.0117 0.00857 0.00314 
70 0.0100 0.00732 0.00268 
0.0083 0.00607 0.0022 
0.0083 0.00607 0.0022 
100 0.0071 0.0052 0.0019 
0.0059 0.0043 0.00158 
0.0059 0.0043 0.00158 
140 0.0050 0.00366 0.00134 
0.0041 0.0030 0.0011 
0.0041 0.0030 
200 0.0035 0.00256 
0.0029 0.00212 
0.0029 
270 0.0025 jane TA 
0.0017 ontaee 
0.0021 
325 0.0019 
0.0017 











Rhombic System Rhombo Hedral rea 
Keyball Void Ball ____All Void Balls 
0.414 D 0.151 D 0.414 D 0.225 D 0.17 D 
0.0194 0.00707 0.0194 0.0105 0.008 
0.0166 0.006 0.0166 0.009 0.0068 
0.0137 0.005 0.0137 0.0074 0.0056 
0.0137 0.005 0.0137 0.0074 0.0056 

0.0116 0.0042 0.0116 0.0063 0.0048 
0.0096 0.0035 0.0096 0.0052 0.0039 
0.0096 0.0035 0.0096 0.0052 0.0039 
0.0082 0.003 0.0082 0.0044 0.0033 
0.0068 0.0025 0.0068 0.0037 0.0028 
0.0068 0.0025 0.0068 0.0037 0.0028 
0.0058 0.002] 0.0058 0.00314 0.0024 
0.00484 0.00177 0.0048 0.00262 0.0020 
0.00484 0.00177 0.0048 0.00262 0.0020 
0.00414 0.00151 0.0041 0.00224 0.0017 
0.00344 0.00125 0.0034 0.00186 0.0014 
0.00344 0.00125 0.00186 0.0014 
0.00294 0.00107 0.00159 0.0012 
0.00244 0.0009 0.00132 0.001 
0.00244 

0.00207 

0.0017 

0.0017 

0.00145 

0.0012 


The 0.268 D Cubic Support Ball is for a dead center position. This value increases to 0.276 
D for offset positioning. The pocket between cubic keyballs can also be selectively filled 
with a pair each of 0.261 D, 0.22 D, 0.186 D, 0.167 D, and 0.15 D support balls. 





The existence of a rhombic type of structure in a 
well-graded adjacent screen molding sand is also pre- 
cluded by considering the screen distributions re- 
quired for its formation. A starting mesh of 70 with 
a screen weight of 85.8 per cent requires 14.2 per 
cent of keyballs having a 0.414 D size. This translates 
into keyballs having a diameter spread of 0.00344 to 
0.00484 (Table 1). 

The 140-mesh screen sizes from 0.0041 to 0.059 can 
supply only half the size range with the largest sizes 
on the 14 mesh providing interference with close 
packing. Use of 200 mesh ranging from 0.0029 to 
0.0041 supplies only the lower half of the size range 
of keyballs. This leaves the balance of the 70-mesh 
balls in a state of looseness, and intermediate types 
of structure may be formed. Forgetting interference, 
a 70-mesh rhombic structure requires a screen distribu- 
tion of 86 per cent on 70, 0 per cent on 100, 7 per 
cent on 140, and 7 per cent on 200. 


CUBIC PACKING 


The subsequent evaluations of the four and more 
adjacent screen sands are done simply on an imper- 
fect cubic basis. Rhombohedral and rhombic packings 
are improbable in foundry sand distributions. 

A structure of greater interest is the body-centered 
cubic as presented by C. E. Wenninger®. The desired 
sand from the evaluation presented would be a two- 
screen sand with 71.8 per cent on the first sieve, and 
28.2 per cent on the adjacent sieve. This forms a 
cubical arrangement of large spheres having smaller 
spheres included in their central void to key or lock 
their position. Due to practical limitations of obtaining 
two uniform adjacent screen sizes, a four-screen sand 
was chosen with the overall probability that 70 per 
cent of total grains would tend to behave as cube 
grains and 30 per cent as key grains. 


A cubically-arranged sand consisting of 71.8 per 
cent uniform cube balls and 28.2 per cent key balls is 
conductive to high compressive strength, low defor- 
mation, and high expansion. This is due to continuity 
of large uniform grains in the three axial directions. 
A stronger sand will result by the addition of a 
third grain size such that it would make a dead cen- 
ter contact between the keyballs (Fig. 1) and pro- 
duce an additional continuous sand network. Under 
this condition a compressive stress in an axial direc- 
tion would be supported even if the cube balls were 
to be removed. 
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Fig. 1—Unit cube of eight whole D spheres, and the equiva- 
lent of eight d spheres. 
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Molding Sands Sieve Ratio 





TABLE 2 — COMPOUND CUBICAL VOLUME RELATIONSHIPS OF VARIOUS MOLDING SANDS 





Cube Schumacher! AFS?High AFS? Controllable AFS? Good National General 
Ball 4 Screen Expansion High-Expansion Sand-Fig. 86 Malleable Steel 
“Fool Proof” Sand.Fig. 82 Sand-Fig. and Steel? Castings® 
Mesh Parts Parts % Parts Parts % Parts % Parts % 
Size Vol. Vol. Vol. Vol. Vol. Vol. Vol. Vol. Vol. Vol. Vol. 
20 1.53 41.2 
30 1.00 27.0 1.0 7.5 1.0 18.7 
10) 1.18° 31.9° 1.0 37.5 1.65 12.35 1.0 14.0 1.0 18.7 
50 L.0 15.4 2.64 72.5 3.4 95.5 4.34 62.0 1.52 28.5 
10 2.86 14.0 5.18 38.9 1.65 23.6 1.82 34.0 
100 2.63 410.5 9.1 15.7 
*The 40 Mesh Cubes There are no support 
are short 40% of balls present. Green 


keyball sizes. Other 


structures possible. siderable clay. 


strength requires con- 


NOTES: Some of the sands appear to be formulated by the compound cubical relationship. Except as noted in remarks, the major complement of support 
balls is present. Shortages occur in smallest cube sizes requiring 200 mesh and smaller material. 
It is indicated that lowest expansion sands should have less than a 20% volume of starting cube ball mesh size. 





TABLE 3 — RELATIVE MESH-CUBE VOLUMES 
Mesh Mean Cube Cube 





Volume and Weight 


No. Dia Edge Volume Ratios Between Meshes 
X10-6 
20 0.040 0.08 512 1.0 


x0 0.0281 0.0563 178 0.347 1.0 



































10 0.0198 0.0396 62.1 0.349 1.0 
50 0.0141 0.0282 22.4 0.361 1.0 
70 0.0100 0.020 8.0 0.357 1.0 
100 0.0071 0.0142 2.86 0.357 1.0 
140 0.005 0.010 1.0 0.35 
a 
4 Q 
y ~ 
~ 
% 
= a 
a 
RY 
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Fig. 2—Determination of tetrahedral void ball in rhombohe- 
dral arrangement. 


Fig. 3 — Cubical 
arrangement of 
nonuniform dia 
grains. 
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The cavity between keyballs is not equiaxed. A 
dead center support ball can roll over into any one 
of the four corners. In this location, the diameter of 
the support ball can be increased by 3 per cent. The 
presence of this larger offset support ball will add 
to the compressive strength to a lesser degree by the 
reduced vertical component of the angled compressive 
force through the support ball. 

A horizontally or laterally spreading force compo- 
nent is also produced. However, no spreading or de- 
formation of the sand mass within itself can occur 
if the cube balls are of uniform diameter. Shifting of 
cube balls can occur without external volume change 
if the cubes are imperfectly formed from various diam- 
eters (Fig. 3). This is because there are some free 
to move within their own corner confines. Internal 
compaction is then possible to counteract heat ex- 
pansion stresses. 

The unequal axes of the pocket between keyballs 
is a container or confine for a multiplicity of arrange- 
ments of smaller sized grains. These can give large 
or small lateral force components. By an orderly in- 
sertion of various sizes, a series of 10 grains may be 
placed without interference to the proper seating of 
the next keyball. If a medium-sized grain of the series 
is introduced first, only seven or less of the series 
can be placed in the pocket. 

This location is one of the places where a small 
amount of fines can exert a considerable effect on 
sand properties. This depends upon the state of im- 
perfection of the principal cubic lattice. 


FOOL-PROOF SAND 

The excellent data presented by J. S. Schumacher! 
is of much interest. The sand cannot be over rammed, 
and at a high hardness of 92 still accommodates ex- 
pansions preventing related defects. Assignment of 
an overall cubic-type structure to sand formulated 
from adjacent screens has been done in a negative 
way by elimination of others. 

Cubic-type structure is considered to mean an ar- 
rangement of 8 cube balls of various sizes where 
only relatively small inclinations of the faces formed 
by three of the four balls occurs. The presence of 
under-size keyballs in a central cavity will permit 
offsets to occur. 

A cubical calculation of the 4-sieve sand reported 
by Schumacher! was done, using the mean-sieve di- 
ameters listed in Table 1, and the mesh cube volumes 
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given in Table 3. Figure 1 shows that a cube formed 
from 8 mean diameter spheres of a starting mesh will 
enclose 8 mean diameter spheres from an adjacent 
smaller mesh. This represents a 1 mesh cube volume 
of each. The relative volumes of the mean cubes is 
also the weight relationship. The balance of the ma- 
terial on the first adjacent screen, not required for 
keyballs of the first, is used as cube-balls in relation 
to the next screen. 

This is repeated, and the excess or unbalanced 
amounts of sizes can then be found for evaluation. 
The next calculation is to determine if the proper 
sizes and amounts of support balls are available to 
give some degree of continuity to the space between 
keyballs. Calculation of the Schumacher! 4-screen 
sand is in Table 4. 

All of the 50 mesh sand is used as cube balls en- 
closing 35.7 per cent of its 70 mesh-screen weight. 
The amount of 70 mesh available for formation of 
cubes is then 32.81 per cent-3.63 per cent, or 29.18 
per cent. This in turn will enclose 0.357 per cent x 
29.18 per cent, or 10.42 per cent of the 100 mesh. 
The balance of the 100 mesh (26.86 per cent) avail- 
able for cube formation will enclose 9.5 per cent of 
140 mesh. This leaves a temporary surplus of 2.3 per 
cent of the 140 mesh. 

To convert the above calculations to a relative 
volume basis it is only necessary to deal with weights. 
The weight and volume summary of the 50, 70 and 
100 mesh cubes omitting all keyballs since they do 
not change the volume is in Table 5. 

This shows that a good material balance is present 
for forming a compound or tri-cubic structure sand. 


ESTIMATION OF SUPPORT BALLS 


Estimation of support balls is done for two condi- 
tions. One using a single support ball in the non- 
equiaxed cavity between keyballs, and the other on 
the multiple packing of four slightly smaller support 
balls. 

Condition one represents the minimum amount of 
fines that can give a high-strength structure which 
will convert with use to and through the second 
condition as grain fractures occur. The second condi- 
tion is more representative of original screen sizes 
present in molding sands. The total relative weights 
(Table 7) are 1.93 per cent and 5.66 per cent of 
cube mesh size. The multiple packing will always 
have both lateral and vertical force components pres- 
ent under a compressive load. 

Using single support balls at 0.268D, the 50 mesh 
cubes require a size range of 0.00314 to 0.0044 
(Table 1). Approximately 85 per cent of this size 
comes from 200 mesh of 0.0029-0041 size. The balance 
of 15 per cent comes from the smaller end of 14 
mesh, size 0.0041-0059. 

The total amount required is only 1.9 per cent of 
the 10.2 per cent of 50 mesh, or 0.19 per cent. This 
consists of 0.03 per cent of 140 mesh, and 0.16 per 
cent of 200 mesh. 

The 70-mesh cubes require support balls ranging 
from 0.0022 to 0.00314; 270 mesh. Most of this is 
supplied by 0.0021-0.0029 with a small amount of 
200 mesh required. Total weight needed is 0.56 per 
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TABLE 4—SCHUMACHER 60 PER CENT LAKE — 
40 PER CENT BANK SAND 


Mesh 20 30 40 50 70 100 140 200 270 Pan 
Retained 0.08 0.41 1.43 10.20 32.81 37.28 11.80 4.42 0.76 0.83 








TABLE 5 — WEIGHTS AND VOLUME 





Mesh % by 
cubes a Rae volume 
50 10.2 =1.00 = 15.4 
70 29.18 = 2.86 = 44.0 
100 26.86 = 2.63 = 40.5 
6.49 








Fig. 4—Rhombohedral packing showing continuous rhombohe- 
dral voids resulting from the third row placed or oriented 
the same as the first row. 
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Fig. .5—Determination of large rhombohedral. Void sphere size 
(void spheres do not position structure spheres as do key 
spheres) and two combinations of filler size. 


TABLE 6 — RELATIVE VOLUMES VARIOUS SUPPORT 
BALLS 














Support Balls 

Cube Ball Dead Center Multiple 
Diam D 0.268D 0.261D 0.22D 
Volume 1 0.0193 0.0177 0.01064 
Number 1 1 0 0 
Number 1 0 2 2 
W % 100 1.93 0 0 

100 0 3.54 2.13 
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cent consisting of 0.12 per cent of 200 mesh, and 
0.442 per cent of 370 mesh. 

The 100 mesh cubes requiring support balls of 0.- 
00158 to 0.0022 need approximately 0.41 per cent 
consisting of 0.06 per cent of 270 mesh and 0.35 
per cent of 325 mesh. 

The total amount of material required for support 
balls is 0.03 per cent of 140, 0.28 per cent of 200, 
0.5 per cent of 270, and 0.352 per cent of 325. Suffi- 
cient material is available for this requirement, as 
there is 2.3 per cent of 140, 4.42 per cent of 200, 
0.76 per cent of 270, and 0.80 per cent of pan. This 
can be assumed to contain the 0.35 per cent of the 
325 mesh required. 

Surplus material over and above that used for for- 
mation of the triple set of three component cubes is 
6.86 per cent, consisting of 2.27 per cent of 140 
mesh, 4.14 per cent of 200 mesh, and 0.45 per cent 
pan. Effective use of 91 per cent of the mass is 
indicated on this basis. 

Use of the multiple set of four support balls in the 
amount shown in Table 7 gives a combined require- 
ment of 0.46 per cent of 140, 0.10 per cent of 200, 
1.34 per cent of 270, and 1.54 per cent of 325 mesh. 
The available material is 2.3 per cent of 140, 4.42 
per cent of 200, 0.76 per cent of 270, and 0.80 per 
cent pan. 

The shortages consist of 0.6 per cent of 270, and 
at least 0.75 per cent of 325 mesh. This is assuming 
that all of pan material is equivalent to 325 mesh. 
These shortages can be expected to be overcome 
with use of the molding sand, and are probably re- 
lated to the initial break-in period required before 
all of the desirable properties are developed in the 
Schumacher 4-screen sand!. 


CONCLUSION 


Cubical calculations of several other published sand- 
screen analyses were made and are shown in Table 2. 


TABLE 7 — PER CENT SCREEN WEIGHT OF 1 CENTRAL 


Le] 


The data is limited. However, it indicates that for 
high-strength, low-expansion, sands compounded cubi- 
cally from adjacent screens the potential volume per- 
centage of the first or largest cube size should be 
less than 20 per cent. 


Mixing and Uniformity 

The improved casting quality, and yields obtained 
by careful selections of base-sand grain size propor- 
tions, serves to emphasize the requirements of sand 
preparation and handling systems for maintenance of 
this high performance level. Base sands formulated 
from balanced adjacent screens will have a minimum 
tendency to segregate during handling dynamics. 
Thorough mixing is required to obtain random dis- 
tribution of sizes to permit early formation of a maxi- 
mum volume of ordered packing during molding. 

Basically, sand preparation consists of two separate 
phases, 1) mixing, and 2) mulling. 


Mixing 

The objective of mixing is to thoroughly distribute 
all ingredients so that any volume increment of the 
mass will have the proper proportions of sand grain 
sizes, clay, water, etc. This mixing objective is best 
obtained in two steps, the first being to pre-mix all 
ingredients at a low moisture level when the mixture 
has a high flowability as compared to the tempered 
condition. 

Sayer and Marek! show that water alone will 
cause two or more grains to become positioned to- 
gether through molecular friction and surface tension 
forces. This condition, at temper, hinders random dis- 
tribution. It is overcome by the addition and mixing 
of temper water in a second mixing stage. The thor- 
ough distribution of clays prior to addition of temper 
water will promote the formation of more uniform 
clay films on grains. This is done by utilizing the 
molecular carrying forces associated with the water. 


TABLE 8 — PER CENT SCREEN WEIGHT OF A SUPPORT 
UNIT CONSISTING OF A PAIR EACH OF 0.261 D AND 

















SUPPORT BALL (0.268D) FOR 50-70-100 MESH CUBES 0.22 D BALLS 
Total Total 
Mesh ________ Support Ball Mesh e ae Mesh a dl Support Ball Mesh % 
Cube 140 200 270 325 Cube 140 200 270 325 
50 0.32 1.6 hee: 1.93 50 4.6 1.06 seein hae 5.66 
70 a 0.38 1.55 1.93 70 Py re 46 1.06 5.66 
100 ee eed. 0.23 1.31 1.54 100 peas ie apes 4.6 Max 4.60 
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Clay films that are not uniform because of pres- 
sured areas during prior compaction are given the 
freedom to spread back into the deficient localities. 


Variable heavy to light clay concentrations present 
when temper water is added can produce a similar 
variation in clay films on the grains. This will happen 





unless thorough unrestricted mixing follows a condi- 
tion of this kind. 


SUMMARY AND CONCLUSIONS 


1. Suitably balanced adjacent screen distributions 
Mulling of grain sizes prevents the formation of either 
- ; rhombohedral or rhombic types of packing. 
After semi-dry pre-mixing of ingredients, followed YP - 6 
are ; - < : 2. Typically good sands show a repetitive pattern 
9y mixing in temper water, mulling is required to ppt eg if th € adi : 
' , of cubes formed from the mean sizes of adjacen 
produce continuous clay films around grains that are ‘ ie 
: +e screens. 
not readily wet by water. The sliding and rolling ; , 
é‘ ace ' ' ; 3. Strong cubically-compounded structures require 
action of the grains during mulling promotes removal oe an 
: ; ee three grain sizes for each cube size present to 
of these unwettable films. This permits formation of . 
, ' form a supplementary continuous sand network 
a molecularly tight thin clay coating. The formation 7. 
; , cre ' parallel to the cube grain axes. 
of uniform clay coatings beyond the thin base-film 
hae ha. sale CPR NNER . 4. The exceptionally good propertied Schumacher 
thickness is subject to variable local pressures. This ; ; 
ic } + ; : 4-sieve sand shows 91 per cent of the mass to 
is because plastic flow will occur between contacts. . ; a 
be tri-cubic structure, with each cube composed 
. ; of at least 3 grain sizes. 
H. W. Meyer!!! determined that medium to thinly “ ; 8 ae 
: : : a? 5. High strength low-expansion sands compounded 
uniformly clay-coated grains are required. The im- ‘ aa 
acme ~ : ' cubically from adjacent screens should have less 
possibility of having all sand grains coated alike 9 , : 
- DP cee ; than a 20 per cent volume of the largest cube 
was mentioned. This highlights one of the points in 
° ° $1Ze. 
where improved sand preparation can be of benefit. ; . 
i ' 6. A parallel type of progress for sand preparation 
Under ideal conditions, the mulling energy re- Me ; ao sage 
dene dlniae is to separate the mixing and mulling phases so 
quired should be consumed on a volumetrically uni- . So Le 
: . , greater efficiency and effectiveness can be ob- 
form basis. Then any volume increment such as 1 cu , 
. Mee ‘ : tained. 
in. taken from any location will have its proportionate = <i 3 ‘on 
' ' . 1 ; 7. Mixing for greatest effectiveness should be done 
share of the total-consumed energy. Use of full width ; “igh ee . paste 
: , . a in two stages. First—pre-mixing in a semi-dry 
mulling wheels is considered a major development ate ds : 
Mirhassy: Alyse flowable condition, and second—mixing for uni- 
for obtaining this objective. : Fe ; a ; 
form distribution of temper water and formation 
Molding Sand of clay films. 
Molding Sand Preparation 8. The application of full mixing and mulling ener- 
Following are the authors’ opinions for improving gies to small successive volume increments per- 
molding sand preparation. mits a high degree of uniformity. 
A continuous belt type mixer muller (Fig. 6), as 
shown by Dietert Fig. 30; °, has the necessary flexibil- REFERENCES 
ity to apply the ideal mixing and mulling principles. 1. J. S$. Schumacher, “Fool-Proof Sand Works Wide Range 


The material is fed onto the belt in layers to suit 
the desired proportions. Pre-mixing is done rapidly 
with all of the material receiving the same uniform 
action. The time required for mixing is not a factor. 
There is only a small volume or batch increment pres- 
ent, which is slid off by one mixer blade. The pro- 
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AN IMPROVED DESIGN FOR 


CAST TENSILE BAR MOLDS 


Maurice Karnowsky* 


ABSTRACT 


A commonly-used tensile bar mold design covered 
in Federal Test Method Standard Number 151 (former- 
ly QQ-M-151) was examined for flow characteristics by 
pouring water in a lucite replica of a sand mold. 

The experiment indicated that the design promoted 
turbulence from a number of sources: 

1. Trapped air at the chokes. 

2. The unfilled runners. 

3. The comingling (co-mingling) of the incoming met- 
al stream with that returning from the end of the 
runner. 

4. Unequal pressure buildup resulting in unequal 
filling of the tensile bar cavities. 

Principles of gating design as developed by East- 
wood and others, under AFS sponsorship, were applied 
to this design and executed in lucite for the mitigation 
of these four problems. 

For this double gated mold the changes embody in- 
corporation of the following principles. 

. The 1-6 ratio of sprue base area to total runner. 

. Large radii at any change of direction. 

. In multiple in-gates, each area to be its fraction 
of runner area. 

4. The runner cross sectional area was reduced suc- 
cessively by amounts equal to the in-gate area. 
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*Radiography and Materials Properties Section, Sandia 
Corp., Albuquerque, N. M. 





Fig. 1—Tensile bar casting as per Federal Test Method Stand- 
ard No. 151. Hats on tensile bar, riser, and pouring basin 
are not specified. The risers (modified) have been removed. 
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. A five per cent increase in runners and in-gates 
for frictional losses at each change of section. 

6. All runners are in the drag and in-gates in the 

cope where possible. 

Measurements of the flow from each tensile cavity, 
slides, and a film show the inadequacies in the QQ- 
M-151 mold and their amelioration in the improved 
mold design. 


EVALUATION BASIS 

Cast tensile bars are widely used as a basis for 
evaluating the quality of aluminum melts. The valid- 
ity of such evaluation depends upon the assumption 
that cast tensile bars accurately reflect the quality 
of the pour. Observations made in the author’s com- 
pany threw considerable doubt on this basic assump- 
tion. This led to the design of an improved mold for 
cast tensile bars. 

Since the making of cast tensile bars is a repetitive 
operation, the molds used are generally thought to 
embody ideal design principles not always attainable 
in the mold used for the regular pour. As a result, 
the properties of the bars are expected to excel 
those of the rest of the pour. Observations made at 
the author's company, with one of the tensile bar 
mold designs suggested by Federal Specification QQ- 
M-151 and later by Federal Test Method Standard 
No. 151, dated July 17, 1956, revealed the following 
conditions: 

1. Although the tensile bar fracture showed dross, 
X-ray films rarely indicated dross in the casting 
poured concomitantly. 

2. Shear strength and tensile strength among the 
three bars varied as much as ten per cent. 

Films of water trials in lucite molds, made by Bat- 
telle Memorial Institute with funds from the AFS, 
suggested a method of studying the problem. The 
tensile bar cavity suggested by QQ-M-151 was dupli- 
cated in lucite. This was so that observations of water 
trials could be made to learn how the design of the 
mold might contribute to the production of turbulence 
and dross. 

The mold replica (Fig. 1) corresponds to Fig. 6, 
Method 211, Federal Test Method Standard No. 151, 
July 17, 1956. The pouring basin is not specified. The 
recommended sprue and pouring basin were not used 
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Fig. 2—Cope assembly of FHM No. 151 bar showing jams 
which hang from the cope. 


in the lucite replica because of the difficulty of keep- 
ing the sprue filled. The cope and drag sections of 
the replica were machined from acrylic resin. 

The gage lengths of the tensile bar cavity were 
cut through so the volume of flow through each cavity 
could be measured. Details of the cope assembly 
with dams are shown in Fig. 2. The drag assembly 
is shown in Fig. 3. The entire test assembly with 
leveling stand, drains for each cavity, drag, cope, 
sprue, and stoppered pouring basin is shown in Fig. 4. 

A series of water trials made with the lucite replica 
resulted in the following observations. Some portion 
of the column of air trapped between the water 
falling through the sprue and the bottom of the well 
swirled in the well as small bubbles. Some of the 
bubbles spilled out to the dams where the rolling 
action of the water carried them on into the runners. 
Figure 5 illustrates this accumulation of bubbles in 
the runners at the end of 5 sec. 

Observation of the flow of water in the runners 
showed they are never filled above the parting line. 
The water flows from the sprue to the far end of the 
runners, and backs into the bar cavity farthest from 
the sprue. The middle, and then the closest cavities 
are filled, successively. At the dams, turbulence was 
noted at two points in the runners: first, at the far 
end of the runners where the flow is stopped and 
reversed; second, at the entrance of the far tensile 
cavity where fluid backing away from the end of the 
runner and entering the cavity intersects the flow 
from the sprue. 

The flow from each of the cavities was measured 
with the results shown in Table I. The consistency 
of the flow percentages indicates that there is a pres- 
sure gradient as a result of the runner design. 


SUMMARY 


Observation of the lucite model of the QQ-M-151 
bar mold design showed the following: 

1. Air bubbles clean up slowly in the well. 

2. Turbulence is induced by the chokes or dams. 

3. The runners are never full, offering opportunity 
for bubbles to be entrapped by the flow. 

4. The design of the runners induces turbulence at 
two points. 





Fig. 3—Drag assembly of FTM No. 151 bar mold. 


5. Fluid flow is unequal in the three cavities. 

Since the turbulence in the runners, and the irregu- 
larity with which air escapes from the mold, could 
account for variations in the dross characteristics of 
the tensile bars produced from such a design, an 
attempt to construct an improved mold was made. 
Runner design has been studied by a number of 
investigators. The following principles, developed by 
Eastwood!', were used in this attempt: 

1. Large radii should be used for direction changes. 

2. Runners should be in the drag and ingates in 

the cope when possible. 





1SYMPOSIUM ON PRINICPLES OF GatinG, AFS, Chicago, 1951. ““Tenta- 
tive Design of Horizontal Gating Systems for Light Alloys,” p. 29. 


TABLE 1 —PERCENTAGE FLOW IN EACH CAVITY 





Duration of | Near Middle Far Flow rate, 

flow, sec cavity, % cavity, % cavity, % cc/sec 
6 25.6 33.4 41.0 110 

12 23.7 33.0 43.3 161 

18 25.0 32.2 42.8 152 

24 25.0 33.5 41.5 163 

24 26.1 32.5 41.4 150 

30 25.6 32.7 41.7 153 

48 25.5 32.5 42.0 155 

60 24.5 31.8 43.7 181 








Fig. 4—Entire assembly with stand, individual drains, cope, 
drag, sprue, and stoppered pouring basin. 
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Bar Molds Design 


Fig. 5—Above—The accumulation of air at the jams at 5 sec is 
shown in the FTM No. 151 bar mold. 

Fig. 8—Right—Entire improved mold assembly showing pour- 
ing basin, sprue, cope, drag, and individual drains. 
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Fig. 7—Revised tensile bar mold 
following Eastwood principles us- 
ing 2-in. radii and system for de- 
creasing runner area after passing 
in-gates. 
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3. The total cross sectional area of the runners in a 
two-runner system should equal 6 times the bot- 
tom area of the sprue. (In a single runner system, 
the runner area should equal four times the area 
of the sprue. ) 

4. In a multiple-gate system, each in-gate area 
should be equal to its fraction of the runner. 
For example, if there are three in-gates in a 
single-runner system, each in-gate should have 
an area 4/3 the sprue area. 

5. As each gate is passed, the cross-sectional area 
of the runner should be reduced by an amount 
equal to the area of the in-gate. 

6. Five per cent should be added to the in-gate di- 
mensions for each reduction in the cross-sectional 
area of the runner to compensate for increased 
friction. 

These principles were applied to the conventional 
test bar mold. The new configuration is shown in Fig. 
6, 7, and 8. 

The author’s foundry makes use of tapered sprues, 
3/4-in. square at the top and 3/8-in. square at the 
bottom. These dimensions determine that in a two- 
runner system the cross-sectional area of each runner 
should be: 3 x 3/8 x 3/8-in. = 27/64 sq in. 

Assuming a runner width of 3/4-in., the depth of 
the runner becomes 9/16-in. The well diameter is 
2-1/2 x the width, or 1-7/8-in. The recommended 
well depth is equal to the runner depth. At each 
side of the well, dams were placed in the drag to 
reduce the area by one-half. The dams are 2-1/2 times 
as long as the runner is wide and are smoothly con- 
toured. 

Beyond the first in-gate, the area of the runner is 
reduced by the area of the in-gate or in this case 
by the sprue base area. At this point, the runner area 
is: A = 1.05 x (27/64 — (3/8)?) = 0.294 sq in., yield- 
ing a depth of 0.392 in. The area of the in-gate for 
the second cavity is 1.05 times that of the previous in- 
gate area. Between the second and third in-gates, the 
runner area equals 1.05 x (0.294 — 9/64) or 0.161 sq in. 
Since the width is kept constant at 3/4-in., the depth 
is 0.214 in. The runner was extended beyond the third 
in-gate to provide a dross trap, and a volume in which 
to dissipate some of the kinetic energy of metal in 
motion. 

The flow from the mold of this design is tabulated 
in Table 2. 

Table 2 indicates that flow uniformity has been 
improved. Figure 9 shows the comparative perform- 
ance of the two molds. Observations of the mold 
with water flowing showed nonturbulent flow in the 
channels. 

The tests described above were made with water. 
Because of the differences in gravity and viscosity 
between water and aluminum, the relationship be- 
tween water trials and the actual behavior of alumi- 
num remained in question. Some work was done 
on this problem. 

E. V. Polyak and S. V. Sergiev reported in Comptes 
Rendes Du Academe of Science USSR 30, 137-9, 1941, 
on work in which viscosities of two molten aluminum 
alloys were measured at various temperatures. At 
1350 F, which is close to the usual temperature at 
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Fig. 9—Comparative performance for each of the two molds. 
Nearly uniform flow is from the improved bar. 


TABLE 2—PER CENT OF FLOW THROUGH CAVITIES 





Duration of Near Middle Far Flow rate, 
flow, sec cavity, % cavity, % cavity, % cc/sec 

6 31.8 37.0 33.3 112 
12 29.4 36.0 34.5 136 
18 31.6 35.2 33.2 136 
24 $1.7 35.1 33.0 141 
30 31.4 34.8 33.8 157 
36 32.4 34.2 33.5 156 
48 31.3 35.8 32.8 156 
60 32.7 35.5 32.0 159 





TABLE 3—FLOW THROUGH CAVITIES IN BOTH 
MOLDS USING GLYCERINE SOLUTION 





Old mold New mold 
%o wy (: 
Near cavity 25.3 32.6 
Middle cavity 33.9 35.1 
Far cavity 40.8 32.4 





which tensile bars are poured, they measured the 
viscosity of 12 per cent silicon alloy at 2.1 centipoise. 
This viscosity is the same as that of a 31 per cent 
glycerine solution. 

Trials were made in both molds with the glycerine 
solution. The results are tabulated in Table 3. 


It is believed that redesign of the tensile bar mold 

design can be said to have achieved the following: 

1. Turbulence caused by the dams has been re- 
lieved. 

2. Turbulence caused by the runner design is re- 

duced. 

3. Unfilled runners permitting oxidation of the met- 

al have been eliminated. 

4. Nearly equal filling of the cavities from each of 

the in-gates has been accomplished. 

These improvements were achieved by reducing 
the runner after each ingate and using large radii 
for every direction change. The validity of the water 
trials was in part validated by tests run with the 
glycerine solution. 
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THE EFFECT OF SOME GASES ON THE WORK 


OF ADHESION BETWEEN A NOVOLAK AND QUARTZ 


Denis W. G. White* an 


INTRODUCTION 


A shell mold is fabricated from a refractory metal 
oxide in particulate form, usually silica sand, bonded 
with a thermosetting phenolformaldehyde resin. The 
sand and the resin are intimately mixed before the 
aggregate is discharged onto a pattern; but in order 
to produce satisfactory structural rigidity in the mold 
or shell, it is necessary to apply heat. When heat is 
applied the resin polymerizes or sets up. 

Until the resin has substantially polymerized it is 
chemically reactive, especially when it is hot. The 
hot fluid resin contains many chemically-unsaturated 
bonds which, when the resin is polymerized will be 
cross linked one with another but which, until the 
resin has polymerized, will be available for reaction 
with any other chemically-reactive substances which 
may be present. Any such extraneous chemical reac- 
tions will degrade the resin, that is, they will inter- 
fere with the proper course of polymerization. Chang- 
es in the polymerization behavior of the resin can be 
expected to lead to changes in the bond strength 
between the resin and the granular metal oxide. 

When a shell mold is made, four gases are common- 
ly present in appreciable quantities: nitrogen, oxygen 
the water vapor as the principal constituents of air; 
and ammonia released by the breakdown of hexa- 
methylenetetramine (the hardening agent) during 
polymerization of the resin. These gases may react 
with the resin and affect the bond strength between 
the resin and the particulate refractory. 

Furthermore, in a very general way, it is possible 
to predict that the four gases may be adsorbed on the 
resin and/or absorbed by the resin, and that they are 
apt to be adsorbed on the surfaces of the particulate 
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metal oxide. All these effects are likely to influence 
the strength of bonding. 

Hence, the work reported herein was undertaken 
to study quantitatively, the individual effect of nitro- 
gen, oxygen, water vapor and ammonia on the bond 
strength between phenolformaldehyde resin and a re- 
fractory metal oxide. 


The Work of Adhesion 


Probably the most obvious experimental method 
with which to investigate the effect of gases on the ad- 
hesion or bond strength between an adhesive, for ex- 
ample resin, and a solid, is the tensile test. Certainly 
the results of such tests should indicate immediately 
whether this or that gas increased or decreased the 
strength of a bond compared say, with the effects of 
another gas. 

For engineering purposes this might be all the in- 
formation required, but for a better understanding of 
the mechanisms leading to changes in bond strength, 
it would be useful to know whether these changes 
occurred principally through, 1) an interaction be- 
tween a gas and the adhesive (resin), and the nature 
of this interaction, 2) an interaction between a gas 
and the solid (silica sand), and the nature of this in- 
teraction. Unfortunately, the data from tensile tests 
do not readily permit a separation of these possible 
interactions, and a more fundamental approach to 
the problem of determining the effect of gases on 
bond strength was considered to be desirable. 


Effects of Gases 


For the study of the effects of gases on the strength 
of a bond, the thermodynamic concept of the work 
of adhesion is a useful semi-analytical device by which 
the influence of a gas on the adhesive, in terms of 
surface tension changes of the adhesive, is separated 
from the effects of the gas on the solid. The work of 
adhesion of two substances is the theoretical work 
required to separate them. If the two substances are 
regarded as a liquid and a solid, then the work of 
adhesion may be defined as the energy change in- 
volved in replacing one square centimeter of liquid- 
solid interface by one square centimeter of liquid and 
of solid covered with at least a monomolecular layer 
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of adsorbed liquid. Formally, this process may be 
represented by the following equation: 

Ww, = Ysv + Yitv — Ysu 
where: 


Ysv = the surface tension of the solid in 
equilibrium with the vapor of the 
liquid (dynes/ centimeter) 


Yiv = the surface tension of the liquid in 
equilibrium with its vapor (dynes/ 
centimeter). 

Yst = the interfacial energy at the solid-liq- 


uid interface (dynes/centimeter). 


It is not possible experimentally to determine either 
Ysv Or sx individually, although for certain systems 
the difference between these two quantities may be 
obtained by exacting methods. Fortunately, another 
approach to the evaluation of W, is available. As 
Fig. la indicates, a force balance around the line of 
contact between a droplet of liquid freely resting on 
the horizontal surface of a solid indicates that an 
equilibrium contact angle will be achieved when: 


Yst + Yriv cos d= Ysv 


where: 
6 = the contact angle between the liquid drop 
and the horizontal solid surface (degrees). 
Hence, y.y cos 6 may be substituted for the differ- 
ence quantity Ysy — Ys in the formal equation for W, 


giving 
Wa = yrv (1 + cos 8) (1) 


Harkins has defined the work of adhesion some- 
what differently as the energy change associated with 
the separation of one square centimeter of solid-liquid 
interface to produce one square centimeter each of 
liquid and of clean solid.1* Thus defined, the work 
of adhesion must be formally written as: 


W's = ¥s + Yuu — You 


where: 

Ys = the surface tension of the clean solid 
(dynes/centimeter) for example, as in a 
good vacuum. 

and yy and ygr, remain as previously defined. 


It is convenient to rewrite the expression for W’', 
in the following way: 


W’s = (¥s — Ysv) + Ysv + Yuv — Ysu 


Now the substitution made in deriving equation 
(1) may be used again to give 


W’s = (¥s — Ysv) + Yrv (1 + cos 6) (2) 


The term (ys — ysy) is the surface free energy 
lowering of the solid due to adsorption of vapor from 
the liquid and/or surface migration of the liquid. It 
is by no means negligible in magnitude when com- 
pared with the second term. Indeed Harkins’ offers 
some illuminating evidence on this point to show that 
the two terms are numerically of the same order of 
magnitude. 


Hence 


W's ad 2W, 
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Fig. la — A sessile drop in terms of its surface tension forces. 
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Fig. lb — The geometrical parameters describing the shape of 
a sessile drop. 


However, because equation (1) describes a process 
which involves approximately half as much work as 
the process described by equation (2), then it is 
reasonable to expect that a bond will fail in a manner 
more closely related to the former process than to 
the latter. This argument may be restated in other 
terms,’ as follows: * . since it is physically im- 
possible to separate a solid and liquid without leaving 
the solid covered with at least a monolayer in equi- 
librium with the vapor of the bulk liquid, it is con- 
venient to define the work for such a process ... .” 
by equation (1). 

The work of adhesion is usually expressed in the 
units of dynes/centimeter. These units are the dimen- 
sional equivalent of ergs/centimeter, which express 
the concept of work per unit area. Moreover this 
work is reversible in the thermodynamic sense. Here, 
the work is the integral of force times distance, where 
the force is the attraction between the solid and the 
liquid, and the distance, the corresponding separation 
of the two substances. As measures by a tensile test, 
the strength of a bond is expressed in units of force 
per unit area and this force is irreversible. However, 
the breaking strength of a bond is probably related 
to the maximum force of attraction between the solid 
and the liquid. Hence a correlation between work of 
adhesion and tensile strength is to be expected only 
if the area under the force-distance curve varies in 
approximately the same way as the maximum height 
of the curve. 

Lurie* studied the adhesion of polyisobutylene (a 
tacky adhesive) to eleven different metals and alloys 
and as a result was able to state that “a definite trend 
of an increasing work of adhesion . . . . with an in- 
creasing interfacial force was found for the 
(eleven) metal surfaces”. 

In the present work, a disc cut from a single crys- 
tal of quartz was used as a solid representative of 
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silica sand. This quartz disc had one well polished 
face in the (01.1) crystallographic plane, parallel to 
the major rhombohedral face of a natural crystal. With 
this disc or plaque, the effects of nitrogen, oxygen, 
water vapor and ammonia on the adhesion of phenol- 
formaldehyde resin were studied by use of the work 
of adhesion concept as defined by the equation 


Wa = yrv(1 + cos @) 


Method and Technique 


There are many methods by which a liquid surface 
tension may be measured® but the sessile drop meth- 
od is one of the few permitting a simultaneous deter- 
mination of the contact angle. 

Small buttons of resin were melted on the hori- 
zontal surface of the quartz plaque at a temperature 
of 175 C to produce so-called sessile drops. In order 
to ensure that these liquid resin droplets had assumed 
an equilibrium shape, so that measurements subse- 
quently made on photographs of the drops would 
give meaningful values of surface tension and con- 
tact angle, it was known to be necessary to hold 
the resin in a liquid state at 175 C for a number of 
hours. For this reason, the effects of nitrogen, oxygen, 
water vapor and ammonia were studied on the ad- 
hesion of a novolak to quartz, rather than on the 
adhesion of a thermosetting resin to quartz. 


A novolak is the thermoplastic form of phenol-for- 
maldehyde. With the requisite addition of hexameth- 
ylenetetramine to a novolak, a thermosetting resin, 
as used in shell mold fabrication, would be produced, 
but at 175 C, this resin would be completely polymer- 
ized in 1 or 2 min and would not give an equilibrium 
drop shape from which valid measurements of surface 
tension and contact angle could be made. 
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A schematic layout of the apparatus used for ex- 
perimental work is shown in Fig. 2. It was designed 
to isolate the plaque and the resin sample from the 
surroundings while an experiment was processed 
through the following four principal stages: 1) to 
de-gas the plaque at about 500 C in vacuo, 2) to 
charge the resin onto the plaque when cool, 3) to melt 
the resin at 175 C and to maintain it at that temper- 
ature for not less than four hours (except for experi- 
ments with oxygen) in a controlled atmosphere, and 
4) to record an accurate silhouette of the drop on a 
photographic plate. 

Among others, Ellefson and Taylor® list references 
to various methods of evaluating the surface tension 
of a liquid from the measurement of appropriate para- 
meters on the silhouette of a sessile drop of the 
liquid. However, none of these methods proved suit- 
able for the determination of surface tension from 
drops having shallow contact angles; i.e., in the region 
of 30-40 degrees, and large ratios of max. diameter to 
height. Hence it was necessary to develop some new 
method for evaluating the surface tension and this 
was done by using the following equation which is 
derived and discussed in the appendix: 


W 
_ ax? = TZ 

dine Se ery 

g ‘. x ) 
where: 
W = the weight of the drop (grams) 
x = the maximum radius of the drop (centi- 
meters) 


D: = the density of the drop, to be deter- 
mined at the same temperature at 
which the surface tension is measured 
(grams centimeters?) 

- the height of the drop (centimeters) 

= the acceleration constant due to gravity 

(centimeters seconds?) 

= the instantaneous radius at the apex of 

the drop (centimeters) 

= the contact angle of the liquid on the 
horizontal solid surface measured 
through the liquid (degrees). 

It was found that if a droplet of thermoplastic resin 
was held in a fluid state at 175 C for more than a 
few minutes, small bubbles were apt to precipitate; 
the lower the ambient pressure the larger were the 
bubbles able to become. Hence, in order to restrain 
this effect, all experiments were conducted at one 
atmosphere total pressure; the composition of the gas, 
in the general case, being made up of some partial 
pressure of one of the four gases studied and the 
balance of purified helium. 


so aN 
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RESULTS 


1) Surface Tension and Contact Angle in Purified 

Helium 

a) Surface Tension 

It was possible to evaluate the surface tension in 
purified helium by means of the Bashforth and Adams? 
Tables as well as by the method developed in this 
work. The former method gave an average surface 
tension for two experiments of 54.8 dynes/centimeter, 
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and the latter method, for the same two experiments, 
a surface tension of 52.9 dynes/centimeter. 

b) Contact Angle 

The average contact angle for three experiments 
was 37.5 degrees. 

2) The Effects of Oxygen 

The cosine of the contact angle and surface tension 
are plotted in Fig. 3 as a function of the partial 
pressure of oxygen. The work of adhesion values in 
Table 1 have been computed with smoothed values 
of surface tension taken from the graph. 

It should be noted that most data in Table 1 have 
been recorded for a period at 175 C of 2 hr only, 
in contradistinction to data for other gases which 
were taken after holding times of not less than 4 hr. 
From plots of contact angle versus time at 175 C, 2 
hr were found to be the minimum time necessary for 
achievement of equilibrium. At the higher partial 
pressures of oxygen employed in experiments, as may 
be seen in Table 1, contact angles increased with 
increasing time after 2 hr to give results which lacked 
continuity with the data at lower partial pressures of 
the gas. 

Calculation of the surface tension at a partial pres- 
sure of 8.3 millimeters of mercury after 2 hr was 
possible also with the Bashforth and Adams’ Tables. 
The value thus obtained was 46.2 dynes/centimeter, 
to be compared with the value of 47.2 dynes /centime- 
ter computed by the method used in this work. 

3) The Effects of Water Vapor 

The cosine of the contact angle is plotted in Fig. 
4 as a function of the water vapor partial pressure. 
The work of adhesion has been calculated upon the 
assumption that the surface tension remains essential- 
ly constant and the average value of 56 dynes/centi- 
meter used for y:y (Table 2). 

4) The Effects of Nitrogen 

The cosine of the contact angle is plotted as a 
function of the nitrogen partial pressure in Fig. 5. 
An average liquid surface tension of 39.5 dynes/cen- 
timeter has been used to calculate the work of ad- 
hesion in Table 3. 

5) The Effects of Ammonia 

In Fig. 6 the cosine of the contact angle is plot- 
ted as a function of the partial pressure of ammonia. 
An average liquid surface tension value of 63.6 dynes 
/centimeter has been used to calculate the work of 
adhesion results given in Table 4. 

6) Confirmatory Results 

Although all of the foregoing data had been ob- 
tained from the same sample of novolak, it had not 
been found possible to gather all of the results from 
the same batch of reboiled resin. In fact, only the 
oxygen and nitrogen experiments had been carried 
out with one batch. For this reason it was considered 
essential to check the results since it was known that 
the data for any one gas would be self-consistent 
and accurate within the prescribed limits, but, with the 
exception of the results for oxygen as compared with 
those for nitrogen, not necessarily comparable with the 
data for another gas. 

Furthermore, it seemed desirable to confirm the 
significant increase in surface tension induced by 
ammonia and the anomalous behavior of the contact 
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Fig. 3 — The effect of oxygen on the contact angle and sur- 
face tension. 


angle as a function of the partial pressure of ammonia 
when compared with the effects of other gases on 
the contact angle. 

This phase of the work was begun with the resin 
which had been used for data on ammonia (the 
TABLE 1 — EFFECT OF OXYGEN ON CONTACT ANGLE, 


SURFACE TENSION, AND WORK OF ADHESION OF A 
NOVOLAK TO QUARTZ 





P mmHg 0.011 0.034 0.077 0.25 0.82 2.7 8.3 

Oz 

Hr at 175 C 2 2 2 2 2 2 3.75 2 3.25 
6 38 37.25 36.5 38.75 41 44 47.25 47.5 55.25 


y1 y dynes/em 44.7 46.8 44.1 35.8 43.6 48.3 41.6 47.2 18.1 


W _ dynes/cm 82.9 80.3 79.4 77.4 76.5 78.7 69.8 83.1 28.4 





TABLE 2— THE EFFECT OF WATER VAPOR ON 
CONTACT ANGLE, SURFACE TENSION, AND WORK OF 
ADHESION OF A NOVOLAK TO QUARTZ 





P mmHg 0.007 0.069 0.75 5 28.25 
H:2O 
4 22.25 26 28.5 29.75 31.5 
y i oleae 53.5 60 54.5 
Yiv dynes/em ... 
W dynes/cm 104.9 106.3 105.2 104.6 103.8 
A 





TABLE 3 — THE EFFECT OF NITROGEN ON 
CONTACT ANGLE, SURFACE TENSION, AND WORK OF 
ADHESION OF A NOVOLAK TO QUARTZ 


0.021 0.033 0.060 0.577 5.79 61 599.5 





P mmHg 
N2 


rt 


6° 36.5 34.75 33.75 35.25 36.75 38 39.25 


Yiv dynes/cm 40.9 41.9 448 35.6 43.9 36.8 32.9 


wy dynes/cm 713 72.0 723 718 #£71.1 70.6 70.1 
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TABLE 4 — THE EFFECT OF AMMONIA ON CONTACT 
ANGLE, SURFACE TENSION, AND WORK OF ADHESION 
OF A NOVOLAK TO QUARTZ 





P mm Hg 0.017 0.025 0.065 0.612 4.72 43 597 
NHs 
6° 38.5 37.75 34 33.75 33.5 33 33 
Yiv dynes/cm 64.3 64.1 71.0 61.8 58.4 61.8 
113.4 113.9 116.3 116.5 116.6 117 117 


W dynes/cm 
A 





TABLE 5 — COMPARISON OF CONFIRMATORY WITH 
ORIGINAL RESULTS ON THE EFFECTS OF GASES ON 
SURFACE TENSION AND WORK OF ADHESION 





Confirmatory Experimental Results Original Results 





a. es 

mm Hg dynes /cm dynes /cm mm Hg A 
Gas HeO 

0.097 19.6 84.1 +-8.5 0.069 10.0 

30 50.6 84.3 +8.8 28.25 + 7.5 
Helium 19.2 77.5 
Gas N2 

0.079 16 72.9 5.7 0.060 25 
604 418.4 80.5 +-3.2 522.5 27.5 
Helium 49.2 77.5 
Gas NHs 

0.15 60.2 107.6 +28.1 0.065 +20.4 
604.5 65 115 +-36.9 527 +21.1 
Helium 49.2 84 





last series of experiments) but it was found to give 
inexplicably high contact angles. Further batches from 
the same original sample behaved similary and hence, 
the resin was abandoned entirely. A second sample 
was reboiled under vacuum and the experiments car- 
ried out as planned, (Table 5). 

Confirmatory experiments were also run on the 
effects of oxygen but the results are not included in 
Table 5 for reasons which will become clear in the 
discussion section. The value of 49.2 dynes /centi- 
meter for the surface tension of the second novolak 
sample, given in column 2 of Table 5, is the average 
of four results. In column 4 the effects of a gas on 
the work of adhesion are expressed as the percentage 
change with respect to the work of adhesion ob- 
tained in helium. For comparative purposes, the per- 
centage change in work of adhesion compared with 
that in purified helium is given for the original data 
in column 6. 

It is interesting to observe in column 2 of Table 5, 
that the significant increase in liquid surface tension 
occurs as before in the presence of ammonia. How- 
ever, the anomalous decrease in contact angle, appar- 
ent in Table 4 of the data for the iriginal novolak 
with increasing partial pressure of ammonia, is not 
confirmed. At a partial pressure of 0.150 millimeters 
of mercury, the confirmatory experiment gave a con- 
tact angle of 38° and a contact angle of 39.75° was 
obtained at a partial pressure of 604.5 millimeters of 
mercury. 


DISCUSSION 

1) Oxygen 
Of the four gases examined, oxygen is undoubtedly 
the most potent in its effects; and because of this 
potency it proved necessary to restrict the studies of 
its influence to partial pressures of less than about 8 
millimeters of mercury. At partial pressures of oxygen 
greater than 8 millimeters of mercury, sessile drops 
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of the fluid novolak would assume non-equilibrium 
shapes in less than the 2 hr at 175 C regarded as a 
minimum time for the achievement of equilibrium. 

Moreover, it is apparent in Table 1, that at partial 
pressures of 2.7 and 8.3 millimeters of mercury, that 
the liquid surface tension, y.y, decreases, and that 
the contact angle increases as a function of time. 
These changes are particularly severe at the higher 
of the two partial pressures. However, if the contact 
angle and surface tension change with time, even 
from values which at 2 hr have a continuity with 
other values at lower partial pressures, then these 
results must be regarded as non-equilibrium and in 
terms of surface energy measurements, without sig- 
nificance. 

Furthermore, from the smallest partial pressures of 
oxygen studied, the resin drops were found to be 
enveloped in an orange-colored, acetone-insoluble 
membrane of tenacity which increased with increasing 
oxygen concentration. This film adhered firmly to the 
quartz plaque and was probably composed of the 
oxidized novolak chains whose identity was deter- 
mined by Hall.§ But under the constraint of any film, 
the sessile drop cannot be considered to be resting 
freely on the plaque and its measured values of surface 
tension and contact angle must be regarded as more 
apparent than real. 

Hence, it may be concluded that 1) the presence of 
oxygen seriously degrades a novolak held at an ele- 
vated temperature and 2) since oxygen develops a 
tenacious film which must constrain a sessile drop, 
degradation cannot be quantitatively analyzed in 
terms of surface energies. 

2) General 

The effects of water vapor, nitrogen and ammonia 
have some features in common which, to avoid repeti- 
tiousness, can be discussed collectively. The follow- 
ing equation, previously defined in a slightly different 
form, is a useful interpretative device with which to 
pursue the discussion: 


= = ces # 
YLV 


where: 

Ysv = the surface tension of the solid when 
in equilibrium with a gaseous environ- 
ment 

Ysu = the interfacial energy between the liq- 
uid and solid ' 

Ytv = the surface tension of the liquid in the 
prevailing atmosphere 

9 = the contact angle. 


Figures 4, 5 and 6 show that the immediate effect 
of the three active gases is to induce a sharp increase 
in cos 6. If for the moment it is assumed that the quan- 
tity Ysv — Ysr remains constant, then a sudden in- 
crease in cos 8 would be a reflection of a sudden de- 
crease in the liquid surface tension (yry). The 
numerical magnitude of the effect, however, is small 
and well within the limits of experimental error (see 
Appendix). But, since the behavior of cos @ is initially 
the same for all of these gases whether they tend to 
increase the liquid surface tension (for example water 
vapor and ammonia), or to decrease it (as in the case 
of nitrogen), then it seems reasonable to believe that 
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the form of the cos @ versus partial pressure curves is 
due to a change in the quantity ysy — Ys. which oc- 
curs whatever other changes y,y undergoes. 

Therefore, initially, either ygy increases or ysr. de- 
creases. There is no good reason to believe that ad- 
mission of an active gas to the system should raise the 
surface free energy of the solid; rather, by adsorption, 
the gas should decrease ygy. Hence the initial increase 
in cos @ should be due primarily to a decrease in 
Yst, the interfacial energy between the liquid and solid 
and it is hypothesized that yg: decreases because water 
vapor, nitrogen and ammonia inhibit polymerization. 

The formation of small bubbles in a sessile drop 
is due principally to the slight polymerization which 
occurs in the novolak when it is heated. In a private 
communication, Drumm? stated it had not been found 
possible to produce a novolak with a phenol to for- 
maldehyde (P to F) ratio smaller than about 1 to 0.8 
which did not show some tendency to polymerize. 
The “P” to “F” ratio of the resin used in the original 
experiments, was 1 to 0.86. However, it was observed 
that whenever the resin was melted in an atmosphere 
containing a partial pressure of nitrogen greater than 
about 60 millimeters of mercury or partial pressure 
of ammonia greater than about 400 millimeters of 
mercury, no bubbles occurred. These observations are 
adduced as evidence that nitrogen and ammonia cer- 
tainly, and, at sufficient concentrations, water vapor 
probably too, inhibit polymerization completely. 

If the effect of these gases is to progressively re- 
press polymerization with increasing gas concentra- 
tion, then a reduction in steric hindrance and cross- 
linking among the novolak chains may be expected 
to accompany the effect. Thus the resin will become 
increasingly amenable to the force fields in the solid 
surface until it saturates them, and hence, ysr, de- 
creases. 

The continued increase in cos 6 over the entire range 
of ammonia concentrations studied is anomalous ( Fig. 
6). It is not substantiated by the confirmatory experi- 
ments which indicate a decrease in cos 6 in conform- 
ity with the linear decrease in the same parameter 
for water vapor and nitrogen as shown in Figs. 4 and 
5. The effect is believed to be associated with the 
degradation of the resin discovered subsequently. 

The continuous decrease in cos @ as a function of 
gas concentration (after the initial increase) finds a 
logical explanation in the progressive reduction in ysy 
due to adsorption of gas on the solid (quartz) surface. 
3) Water Vapor 

The effects of water vapor were studied only up to 
partial pressures of the order of 30 millimeters of 
mercury since higher concentrations would have con- 
densed on the cooler parts of the apparatus. Even 
so, this represents about the maximum concentration 
of the gas likely to be found in industrial practice. 

Water slightly raises the surface tension of a novo- 
lak, and increases the work of adhesion approximately 
10 per cent when compared with the values of surface 
tension and work of adhesion obtained in purified 
helium. The effect can probably be ascribed to the 
polar nature of the water molecule. 

4) Nitrogen 

Compared with the surface tension and work of 

adhesion of a novolak in purified helium, nitrogen 
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Fig. 4 — The effect of water vapor on the contact angle. 
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Fig. 5 — The effect of nitrogen on the contact angle. 
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Fig. 6 — The effect of ammonia on the contact angle. 


reduces these quantities by an amount which is in 
some doubt. It is not clear whether the decrease in 
surface tension is due to adsorption or to the forma- 
tion of non-polar groups with the novolak chains. 
5) Ammonia 

Ammonia increases the liquid surface tension (yy) 
of a novolak by about 20 per cent and the work of 
adhesion by about 20 to 30 per cent when compared 
with the values obtained in helium. These increases 
are appreciable and suggest the presence of dissociat- 
ed compounds, that is, ionic groups, of ammonia per- 
haps with free phenol or traces of the catalysing acid. 


PRACTICAL IMPLICATIONS 


The work draws attention to the desirability of 
fabricating shell molds in the absence of oxygen. 
The degradation effects of this gas are undoubtedly 
serious and although it is reasonable to object that 
degradation does not begin to assert itself at partial 
pressures of the order of 8 millimeters of oxygen until 
the resin has been molten for at least 2 hr, it should 
be borne in mind that the partial pressure of the gas 
ordinarily present in the atmosphere is about 20 times 
as great. Oxygen may very well react with a thermo- 
setting resin in shell molds in the two or three minutes 
during which the resin is hot, to an extent that is 
worth curtailing. 
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CONCLUSIONS 

1) Traces of water vapor, nitrogen and ammonia 
quickly reduce the contact angle between a novolak 
and quartz, by inhibiting polymerization of the resins 
but the principal effect of subsequent increases in gas 
concentration is to progressively increase the contact 
angle by adsorbing on the solid. 

2) Of the four gases whose effects were examined, 
oxygen had the most potent and deleterious influence 
on the resin. However, as was determined in this 
work, it is not possible to describe the effects of oxy- 
gen quantitatively in terms of surface energy measure- 
ments. 

3) Compared with the surface tension of the resin 
and work of adhesion in purified helium, (a) water 
vapor increases the surface tension and the work of 
adhesion by about 10 per cent, (b) nitrogen decreases 
the surface tension of the resin and the work of 
adhesion by an amount which is in some doubt, (c) 
ammonia increases the surface tension and the work 
of adhesion by about 20 to 30 per cent. 


APPENDIX 


Bashforth and Adams!’ have developed the follow- 
ing expression for the surface tension of a liquid in 
terms of the geometrical and physical factors describ- 
ing the form of a freely resting or hanging drop as 
follows: 


1 sin 6 2 tDiZ 
— + _ : —_ ++ gt 1a 
p xX b YLV 
where: 
x = the horizontal coordinate of any point 


in a meridional section of the surface 
of the fluid (centimeters) 

Z = the vertical coordinate of such a point 
(centimeters) 

p = the radius of curvature of the meri- 
dional section at that point (centimet- 
ers) 

@ = the angle which the normal to the sur- 
face makes with the axis of revolution 
(degrees) 

b = the radius of curvature at the origin 
of the axis of revolution (centimeters) 

D: = the density of the fluid (grams cubic 


centimeters) 
g = the acceleration due to gravity (centi- 
meters/second) 
Ytv = the surface tension of the fluid (dynes/ 
centimeter). 


Figure lb illustrates a drop in terms of the above 
geometrical parameters. “x”, “Z”, and @ can readily be 
measured and if the volume of the drop can be deter- 
mined, Di: may be computed when the weight of the 
fluid is known. 

The variables remaining to be determined are the 
radii p and “b”. Of these, “b” is the more amenable to 
direct measurement than p. 

However, the volume of a drop may also be ex- 
pressed in terms of the above variables"’, as follows: 

_ Yuv7x? e sin =) 
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Gases Effect on Adhesion 


Since V= Me 
where W is the weight of the fluid (grams), 
then 


ot p x 
Substitution for V in the original expression for 
Yiv, after algebraic manipulation, leads to the equa- 
tion, 


W = YuvTx" ( 1 _ sin *) 


Ww 
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Only “b” now remains to be determined, and since 
the crest of the meridional section of a drop exhibiting 
a shallow contact angle may be approximated over 
an appreciable arc by a curve of invariant radius, 
Pythagorean geometry indicates that, 

h I? 
ak tae 
where “1” is the length of a chord on the meridional 
section intersecting the radius of curvature about the 
axis of revolution (centimeters), and “h” is the verti- 
cal coordinate from the chord to the origin. 
Liquid Surface Tension Error Analysis 
Estimated measurement error limits for 1 + 0.002 centi- 
meters 
Estimated measurement error limits for h + 0.0005 
centimeters 
Error limits in surface tension due to | and h 
= = 3S 
Estimated measurement error limits for x + 0.0005 
centimeters 
Estimated measurement error limits for Z + 0.001 
centimeters 
Error limits in surface tension due to x and Z 
= = 25% 
Estimated measurement error limits for 6 + 1° 
Error limits in surface tension due to 0 = + 6% 





Total comparative error + 10.5% 


Estimated weighing error for W = + 0.0002 ‘grams 
Error limits in surface tension due to Di = +0.5% 


Total absolute error + 11% 
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INDUSTRIAL APPLICATIONS OF OLIVINE AGGREGATE 


Gilbert S. Schaller* and W. A. Snyder** 


INTRODUCTION 

The mineral olivine was first discovered in 1790 
by Johann Gottlieb Werner. He named this mineral 
olivine because of its olive-green color. The first re- 
corded attempts at using crushed olivine as an ag- 
gregate in synthetic molding sand was in a Norwegian 
steel foundry in 1927-28.1 This use in the foundries 
followed the discovery in 1925 by V. M. Goldschmidt 
that natural olivine and olivine rock (dunite) had 
valuable properties as a refractory. 

This discovery led to intensive studies since olivine 
is round abundantly in Norway.” Literature on the 
early use of olivine in foundries comes from Norway 
exclusively. The objective was that of finding a mate- 
rial of hygenic value that would overcome the silicosis 
problem among foundry workers. 

Olivine is currently being introduced into Swedish 
industry on a broad scale. The Domnarfvets Jernverk 
entirely changed over its steel foundry operations to 
olivine in August, 1957. In addition, Kanthal and 
Kohlswa Jernverk are other foundries that have gone 
over to olivine. These adoptions have not been made 
without incident and certain difficulties which have 
been successfully resolved. 


OLIVINE STUDIES 

An extensive series of studies on olivine is being 
conducted by the Swedish Institute for Metal Research 
under the direction of Prof. Erik Rudberg, Director.* 
Among the problems under study are the possibility 
of the development of free silica at the metal-mold 
interface. Their studies are not yet complete, and 
for that reason have not been published. 

Olivine has been studied extensively at this Uni- 
versity in the Department of Mineral Engineering. 
The department has published upwards of a dozen 
papers and theses on olivine properties, evaluations, 
and potential applications in areas other than for 
foundry aggregate. In order to understand the mate- 
rial it seems desirable to review a few fundamentals. 





*Professor and **Associate Professor, Mechanical Engineer- 
ing Department, University of Washington, Seattle. 
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Olivine is a solid solution of forsterite and fayalite. 
The ratio of these constituents is not fixed. In conse- 
quence, only those deposits that can produce the 
material containing approximately 90 per cent forste- 
rite minimum are considered as a satisfactory source of 
olivine foundry aggregate. The sand obtained by 
crushing this material has a high-fusion point and a 
low uniform thermal expansion. 

Olivine grains show a remarkable ability to with- 
stand thermal shock without cracking or shattering. 
On the other hand, such sands weigh approximately 
25 per cent more when rammed into a mold than 
does silica. They have a slightly greater cooling effect, 
and exhibit a higher heat capacity than silica. The 
grain shape is angular and acts to control the rammed 
density of the mold. 

For several years past the Mechanical Engineering 
Department of the University of Washington has been 
investigating the use of olivine as a foundry aggre- 
gate. Throughout this research the foundry of the 
Mechanical Engineering Shops has served as a pilot 
operation. The sand for these studies has been ob- 
tained from the Twin Sisters deposit in the Mount 
Baker area of the Cascade Mountains in the State of 
Washington. Olivine sands from other deposits in the 
state and other regions of this and foreign countries 
were examined. However, only materials from the 
Twin Sisters area have been used in the intensive re- 
search programs. 

The olivine of this deposit is in the form of massive 
mineral that must be crushed and classified in order 
to produce a manufactured aggregate (sand). The 
sands used for early research were produced with im- 
provised equipment in many grain sizes and distribu- 
tions. The primary objective of this research was to 
determine the aggregate sizes that would be of great- 
est value to commercial foundry operations. 

A series of commercial sands prepared from the 
Twin Sisters olivine deposit are now prepared on a 
commercial scale. They are available to the industry. 
These sands are supplied as numbers 45, 70, 130, and 
200. The identifying numbers correspond to the AFS 
fineness number of the aggregate. Since the aggregate 
is a manufactured product it is subject to control, 
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TABLE 1 —NON-FERROUS SAND FORMULATIONS 





Constituents parts / wet 


No. \ B C D E 


130 Olivine 54 93 20 90 
200 Olivine 10) 76 

115 Silica 
W. Bentonite 
S. Bentonite 
Wood Flour . os 6 es 
Water content/ 3 3.2 3.4 3.0 


te 
— 
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Vt 
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and therefore, the grain size and distribution should 
be reliable and constant. 

A substantial number of foundries seeking to im- 
prove their product or reduce their costs have investi- 
gated the application of olivine sands in their opera- 
tion. In many cases the advantages shown by this 
aggregate have caused its adoption. The objective of 
this paper is to review a few of these operations where 
superior castings or an economic advantage over pre- 
vious sand practice have resulted from the introduc- 
tion of olivine. 


NON-FERROUS APPLICATIONS 


Natural molding sands constitute the bulk of the 
material currently used in this area. These sands can 
produce excellent results, but those that produce a 





Fig. 1—-Two views of aluminum alloy statue cast in olivine. 
(Courtesy De Freece Foundry) 





Fig. 2—Casting group at left molded in olivine. Group on right 
cast in silica-based molding sand. (Courtesy Boeing Airplane 
Co.) 
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good surface usually require a high-moisture content 
and have a low permeability. Only a minor portion 
of the non-ferrous foundries have used synthetic sands, 
although many have expressed the desire to obtain 
the advantages that they offer. 

A major deterrent to the use of synthetic sand is 
that they usually require the addition of organic buff- 
er materials to eliminate expansion defects. This is 
not a difficult problem where facing sand is employed, 
but requirements are rarely sufficiently critical to jus- 
tify the added cost. 

Organic materials in heap or system sand present 
an extremely difficult control problem. Olivine based 
synthetic sands without organic material additives 
have proven successful in this connection. If the mois- 
ture content is correctly controlled, these sands may 
be hard rammed without causing either steam or ex- 
pansion problems. 


THERMAL PROPERTIES 

The thermal properties of these sands are instru- 
mental in producing a smoother surface than would 
normally be expected for a given permeability. Table 
1 shows some formulations that are presently being 
used by commercial foundries. 

Mixture A is employed by a mechanized aluminum- 
alloy foundry. Mixture B is used to produce green- 
sand molds for thick-sectioned brass and bronze cast- 
ings for marine service. Mixture C is used by a job- 
bing foundry for an extensive range of green-sand 
work for both aluminum alloys and brass. An alumi- 
num statue which is not cored and was molded in mix- 
ture C is seen in Fig 1. The statue weighs 65 lb and is 
cast from aluminum alloy No. 48. 

Non-ferrous foundries that have converted to olivine 
have usually changed at the same time from natural 
molding sand to synthetic. A few foundries, however, 
have shifted from synthetic silica sand to synthetic 
olivine sand. One of these is the Aluminum Foundry, 
Industrial Products Division of the Boeing Airplane 
Co., Seattle. 

This foundry has used the sand shown as mixture 
E in Table 1 to produce the sound, high quality cast- 
ings required for their applications. This silica founda- 
tion contained 2 per cent wood flour additive in 
order to eliminate expansion defects. To produce large 
flat castings, a special facing had to be prepared to 
which an additional 2 per cent of organic material 
was added to prevent formation of rat tails. This sand 
has been replaced entirely by mixture D of Table 1. 
This is an olivine molding sand containing no organic 
material used to produce all castings without facing. 

Similar castings produced as part of a test program 
at Boeing with the two sands are seen in Fig. 2. The 
olivine sand in this test has a slightly higher permea- 
bility, but produces a smoother surface. The grain size 
of the aluminum casting produced in olivine was 
slightly finer as a result of faster solidification, al- 
though both casting sets were of acceptable quality. 

Most non-ferrous operations report that the life or 
durability of the olivine sands has far exceeded their 
expectations. Such sands cannot be introduced satis- 
factorily unless the foundry is equipped with a sand 
muller. This requirement is the greatest single factor 
in limiting wider application in non-ferrous foundries. 
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Fig. 3—Views of gray-iron casting 
molded in olivine shell without 
a core. 


SHELL-MOLDING APPLICATIONS 

Shell molds in olivine were made at the University 
of Washington immediately following the introduction 
of the process in this country. Other researchers later 
became interested in this sand for resin-bonded shells, 
because it was felt that the desirable thermal proper- 
ties would produce shells of greater accuracy than sili- 
ca by eliminating or reducing shell warpage. It was 
further believed that the increased cooling effect 
would improve the surface finish of castings produced 
in olivine shells. Incidentally, shells were also evaluat- 
ed for the production of carbon-steel castings which 
could not be consistently cast with acceptable surfaces 
in silica shells. 

Olivine shells produced quality castings in the car- 
bon steel. The angular grain, however, offered enough 
resistance to the flow of sand that low density ram- 
ming occurred along vertical surfaces and in pockets. 
Foundries in the Oakland Bay area solved the flow 
problem by using olivine aggregate in combination 
with round-grain silica. Table 2 shows a mixture that 
has been developed for dump box shell molding. 

A basic theoretical fault of the shell mold is that 
the sand in the pattern cavity is heated and expands 
when the metal is poured. The shell at the faying 
surface is not heated and does not expand. This con- 
dition causes the shell in the pattern cavity to buckle 
outward. The resultant buckling in turn forms cracks 
on the outside of the shell. These cracks can be ob- 
served, and their formation timed, if a shell is not 
hidden by backing material. The least damaging result 
of the expansion is a distorted casting. A cylindrical 
casting parted along its axis will tend to become oval. 
A heavier casting could form fins or even run out if 
backing is not provided. 

These difficulties cannot be entirely eliminated, but 
they can be reduced by using an aggregate with a 
lower coefficient of thermal expansion. The addition 
of as little as 20 per cent olivine to a silica sand will 
result in a noticeable increase in crack formation time. 
The mixture given is now considered to give the op- 
timum compromise between adequate thermal prop- 
erties and acceptable flow properties. 

The shell molders using this sand point out that 
it produces smooth castings with improved accuracy 
and allows larger castings to be produced without 
the use of backing materials. Peel-back, which had 
already been reduced to a minimum through the use 
of improved binders, is now virtually eliminated with 










this sand mixture. This result is believed to be from 
the grain distribution and shape rather than the prop- 
erties of the aggregate. As this paper is being written, 
angular olivine grain has not been satisfactorily coat- 
ed, and so has not been used for the production of 
shell cores. 

An iron casting made in a shell of the material pre- 
viously described is shown in Fig. 3. The casting is 
made in a cup-shaped mold with the inside being 
formed by part of the mold. No core is used. The 
resulting casting is evidence that the flow properties 
of the mixture are proving to be excellent. A group 
of castings made in the olivine shells are pictured in 
Fig. 4. Gray iron, steel, brass, and bronze castings 
comprise this grouping. 


GRAY CAST IRON APPLICATIONS 
Much of the original research devoted to olivine 
sands in this country was performed through the 
medium of gray cast iron. These studies indicated 
that olivine can be instrumental in reducing expansion 
defects with little or no added organic buffer mate- 
rials. The permeability of an olivine heap is not 


TABLE 2—SHELL-MOLD MIXTURE 





Constituent parts/wet Compositions 
. No. Ib 
100 Silica 20 
70 Olivine 40 
130 Olivine 40 
Resin Binder 6 








-@ 
4 ® 


Fig. 4—Castings made in olivine shells. 
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TABLE 3—GRAY IRON MIXTURE 





Constituent parts/wet A B 
70 Olivine 95 
130 Olivine 94 
W. Bentonite 5.00 4 
S. Bentonite 2 


Corn flour 
Water 


to 
CO 





TABLE 4 — GREEN-SAND MIXTURES FOR STEEL 
CASTINGS 





Constituent parts/ wet 


No. A B c D 
45 Olivine 42 300 300 
70 Olivine 95 42 200 300 
140 Olivine 
200 Olivine 10 95 
W. Bentonite 5 6 30 30 
Corn flour 5 1.5 2 2 
Dextrine 25 44 4 
Water ™ 3.2 3.0 4.3 3.5 





reduced by use, except through the addition of new 
clay or other additives. This is because the grain is 
not fractured by thermal shock. The excellent life of 
the sand will eliminate facing from many molds. 
Olivine mixtures somewhat similar to those used 
for non-ferrous work can also be used to replace natu- 
ral molding sand for light and ornamental iron cast- 
ings. The thermal properties of the sand can be useful 
in improving the dimensional accuracy of gray iron 
castings, and in eliminating center-line shrink when 
this defect is caused by mold expansion or deforma- 
tion. Several commercial foundries are using these 





Fig. 5—Low alloy steel marine propeller. (Courtesy N&S 
Foundry Co.) 
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sands on a trial basis to determine the economic value 

of olivine to their operation. Mixtures A and B of 

Table 3 are typical ones used by gray foundries. 
STEEL APPLICATIONS 

Late in 1957 olivine was being used in the field of 
steel (carbon and low alloy) only in areas where prop- 
erly formulated silica-sand facings were not giving 
satisfactory results. Olivine is currently used as a fac- 
ing backed by the silica-system sand for steel casting 
productions. The favorable thermal properties that 
have been mentioned in previous applications are 
equally advantageous in steel casting. However, the 
high fusion point of olivine in this field is significant. 

Formulating silica-sand facings in the steel foundry 
has been elevated through extensive research and 
unlimited field experience to a high degree of perfec- 
tion. In most cases suitable silica-sand facings will give 
satisfactory results. Olivine facings will give equally 
good results with less organic matter. In some cases it 
gives good results with no organic matter or additives 
in the formulation. 

This fact alone does not give olivine an economic 
advantage when used as a facing. However, olivine 
can show a decided advantage when accuracy, pene- 
tration, and center-line shrink or cracking caused by 
mold deformation are problems. Olivine will reduce 
scabbing and buckling difficulties, but when these 
defects occur due to poor control, they will not neces- 
sarily be cured through the expedient of changing 
the aggregate. 

One commercial steel foundry that is a regular 
user of olivine for special problems, holds the belief 
that if their system sand were olivine they could 
eliminate the use of facing in many of their molds. 
Such procedure would also greatly reduce the amount 
of new or reclaimed sand required where facing is 
used. This condition would seem to result from the 
reduction of additive required, and from the excellent 
thermal life of the olivine grain. 

Should this assumption prove correct, olivine would 
offer a decided cost advantage for general steel-cast- 
ing work. Such a possibility must be investigated by 
a steel foundry, running a carefully controlled side 
floor of olivine. This investigation should not be at- 
tempted until further field experience with facings de- 
termines the absolute minimum additive requirements. 
Mixture A from Table 4 is a formulation that is used 
for steel casting in green-sand molds. 

A low-alloy steel marine propeller produced by the 
N & S Foundry Co. of Seattle is shown in Fig. 5. 
The mold for this casting is faced with no. 70 olivine 
and contains 5 per cent soluble sodium silicate which 
is hardened by gassing with CO, before the pattern 
is drawn. The dimensional stability of the olivine has 
in this case eliminated hub cracks which occurred 
when silica sand was employed. The accuracy of the 
blades has been improved. This application has be- 
come standard practice at this foundry for many low- 
alloy and stainless-steel propeller castings. 

HIGH MANGANESE-STEEL APPLICATIONS 

The greatest interest in olivine sand has been shown 
by foundries that produce high manganese-steel cast- 
ings. In some of these foundries the use of olivine 
facing has become standard procedure. In others the 
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practice is commonly used, but is as yet considered 
to be experimental. 

In this application, olivine is perhaps the only aggre- 
gate available commercially in a suitable range of 
grain sizes that does not react with the metal. This 
reluctance of the sand to react chemically at the 
metal-mold interface has permitted some shops to 
produce austenitic manganese-steel castings with sur- 
faces that rival expert gray iron production. 

The thermal properties of olivine are important 
here. Foundries have discovered that this aggregate 
extends the scope of green-sand molding. Many com- 
ponents that have been previously cast in washed- and 
skin-dried molds can now be produced by the green- 
sand method. The present practice is limited to the use 
of olivine facing backed by silica system sand. 

With this method of application the obvious advan- 
tages are better finish, lower cleaning cost, and where 
drying is eliminated, lower molding cost. No foundry 
of this type has converted entirely to olivine, but 
this step could result in further economies. 

Manganese steel dredging buckets (Fig. 6) are pro- 
duced by the Washington Iron Works of Seattle in 
their program of evaluating olivine sand. These buck- 
ets weigh 142 Ib each, and are cast in the green-sand 
mixture shown as A of Table 4. A manganese steel 
scraper back made under the same program is shown 
in Fig.7. This casting was made in a mold faced 
with mixture B of Table 4. The mold was given an 
olivine wash and skin dried. 

Chrome-manganese cone castings (Fig. 8) were pro- 
duced by the Electric Steel Foundry Co. of Portland. 
The casting on the right was made by accepted silica 
practice. The one on the left was produced with olivine 
facing. Both molds were washed and skin dried. Mix- 
ture C of Table 4 is the olivine facing that was used 
in this case. Identical manganese steel rope socket 
castings shown in Fig. 9 were made by this same com- 
pany. These were poured in green-sand molds. The 
casting on the left was produced by standard silica 
practice, while the one on the right used olivine 
facing. The green-sand-olivine facing mix employed is 
shown as mixture D of Table 4. 


ACCURATE CASTINGS 


The application of large, accurate iron and steel 
castings may soon assume new significance in the pro- 
duction of forming tools for the aircraft, automotive, 


Fig. 8—Drag view—two chrome- 
manganese cone castings. Left 
Casting made in olivine sand mold, 
olivine wash sprayed, torch dried. 
Right casting made in silica sand 
mold, silica wash sprayed, torch 
dried. (Courtesy Electric Steel 
Foundry Co.). 





Fig. 6—Manganese dredging buckets made in olivine green 
sand. (Courtesy Washington Iron Works.) 


and missile industries. The tonnage requirements of 
this market will never be impressive, but the foundries 
who devote the time and money to developing suit- 
able methods will find this outlet both rewarding 
and stimulating. Shell molders have frequently ex- 
pressed a preferance for cast-iron pattern equipment 
which, for economic reasons, should be cast with 
suitable surfaces and dimensional tolerance. Olivine is 
a useful material in the production of this category 
of casting in green-sand molds. 

An accurate gray iron casting (Fig. 10) was pro- 
duced by a California foundry with the aid of olivine 
aggregate. The casting is half of a core box for a shell 












Fig. 7—Manganese steel backing plate made in olivine dry 
sand facing, 200 Ib, washed and skin dried (olivine wash). 
(Courtesy Washington Iron Works). 
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Fig. 9—Cope view of manganese steel rope socket castings 
made in green sand molds. Shown in as-cast condition shortly 
after shakeout. Left, silica sand mold; right, olivine sand mold. 
(Courtesy Electric Steel Foundry Co.). 


core blowing operation. This box will be used as-cast, 
with no machining or finishing of the forming surface. 
The reverse side of this box casting is ribbed. It 
was molded in the cope from green heap sand. The 
formed surface was cast in the drag against a facing 
mixture composed of 50 parts of No. 100 round grain 
silica, 50 parts of No. 130 olivine, and 7 parts of a 
soluble silicate core binder. A minimum gassing treat- 
ment with carbon dioxide was followed by baking at 
350 F, for 3% hr. 
SUMMARY 

Olivine sands from the Twin Sisters area of the Pa- 
cific Northwest which have been under intensive 
investigation as foundry aggregates for several years 
are now available commercially. Compared to silica, 
the standard foundry aggregate of this country, olivine 
offers slightly greater cooling effect, increased heat 
capacity, uniform thermal expansion, resistance to frac- 
ture by thermal shock, and a somewhat higher fusion 
point. Since olivine sand is a manufactured aggregate 
it is available in selected grain sizes that can be 
controlled and reproduced. The sand grains are angu- 
lar due to the nature of their manufacture. 

An increasing number of foundries are investigat- 
ing the utility of olivine sand in their operation. As 
a result, further knowledge in the use of this material 
can be expected. In non-ferrous foundries, complete 
conversion to olivine aggregates has been effective in 
both product improvement and cost reduction. The 
use of olivine facing for high manganese-steel castings 
has shown economic advantages that are so pro- 
nounced as to indicate its adoption as standard pro- 
cedure. 

Commercial shell-molding foundries have devised a 
method of taking advantage of the favorable thermal 
properties of olivine. It appears that its use in this 
process will increase as this potential becomes better 
known. Olivine facings are being used to reduce costs 
in iron and steel foundries only in specific instances. 
Our research indicates that complete conversion by 
such foundries could result in genuine savings. This 
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Olivine Aggregate Applications 


Fig. 10—An accurate gray iron half core box used for blowing 
shell cores. 


has not been proven on a commercial scale, and no 
complete conversions have been made by late 1957. 

Olivine aggregates have become firmly established 
in certain profitable applications in the United States 
and Canada. In every instance the adoption has been 
won in competition with traditionally established ma- 
terials. The introduction of olivine in America has, 
in all cases, been predicated on its mechanical and 
physical properties, with scant attention given to hy- 
genic potentialities. In Scandanavia, where olivine is 
rapidly becoming the universally accepted aggregate, 
primary considerations have always been given to 
its ability to improve working conditions. 

In view of the developments and achievements of 
olivine aggregate it may well be stated that the 
foundry industry has a material available of proven 
potential. It can be expected that broader applica- 
tions and novel uses will follow increasing knowledge 
and understanding of olivine. In common with a multi- 
tude of other materials, there are many types of 
olivine. The foundryman must remember to select 
those that have the properties capable of meeting his 
requirements. 

With the increasing interest in olivine by domestic 
foundries new developments are occuring almost 
daily. In light of this it can readily be understood 
that this paper, which was written at the close of 
1957, not to be delivered until six months hence, will 
undoubtedly be contradictory in some instances and 
outdated in others. Nevertheless, it is felt that basic 
information contained herein and developed in the 
foundries is of interest to the industry generally. 
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ON THE RELEASE OF HYDROGEN FROM 
MOLTEN ALUMINUM 


By 


Asutosh Pal* and H. M. Davis** 


INTRODUCTION 

Porosity in cast aluminum and its alloys is mainly 
of two forms: 1) pinhole pores, due to gas evolution, 
2) and shrinkage cavities, due to imperfect feeding 
during solidification. It appears well established that 
hydrogen is primarily responsible for the pinhole 
pores. Various methods have been employed for 
ensuring melts of aluminum and its alloys have satis- 
factorily low hydrogen contents when cast. One effec- 
tive treatment is that of flushing with chlorine. How- 
ever, the method has a number of operational 
drawbacks. 

Solid sources of flushing gas have been used ( vola- 
tile and decomposable chlorides).4 These materials 
possess the disadvantage of floating on molten metal. 
The thought of using a dense flushing material in the 
briquette form to be dropped into the liquid metal 
is attractive. Obviously, a successful briquette should 
have certain attributes: 1) it should have a density 
greater than that of the molten metal, 2) it should 
decompose or become volatile at metal temperature, 
3) it should produce an adequate amount of effective 
flushing gas at an appropriate rate, and 4) it should 
produce no contaminants, gaseous or metallic. 

An evaluation of many solid substances, organic 
and inorganic, which might serve as sources of flush- 
ing gas resulted in the elimination of almost all of 
them. They had unsuitable melting point, decomposi- 
tion temperature, or rate of decomposition, or they 
yielded objectionable by-products (notably water and 
hydrogen ). 

The substance chosen was magnesium oxychloride, 
Mg2OCle. This substance begins decomposing at a 
temperature near the melting point of aluminum, and 
offers little of objectional by-products. Because mag- 
nesium oxychloride is of lower density than molten 
aluminum, it can be made to sink in the liquid metal 
only if joined with material of higher density. 

It became the purpose of this study to investigate 
the effectiveness of flushing by chlorine released 
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through the decomposition of Mg2OClez in briquette 
form which had been weighted with corundum—the 
dense, high-temperature form of Al2Os. 


EXPERIMENT 

The magnesium oxychloride was made from cal- 
culated proportions of MgO, and a concentrated 
aqueous solution of MgCle. After the initially pasty 
product had been dried for 48 hr at 105 C, it had a 
specific gravity of 1.87. The briquettes were then made 
from Mg2OCle and corundum of low iron content. 
The two materials were blended of such particle sizes 
that 68 per cent of the briquette was of 60-mesh size 
and 32 per cent was of 140- to 200-mesh range.® 

The dry materials were mixed with a small amount 
of freshly made paste of magnesium oxychloride as 
a binding addition. They were then pressed into cylin- 
drical briquettes under 10000 psi, with momentary 
releases at 4000 and 6000 psi. The briquettes were 
dried for 144 hr at 130 C, suffering a weight loss of 
approximately 2 per cent. They were kept in desicca- 
tors until used. They had a specific gravity of 3.2 in 
favorable comparison with the value of approximately 
2.4 for molten aluminum. 

The melting stock used in the experiments was a 
A.S.T.M. 1100 alloy. The analytical specification for 
this alloy is shown in Table 1. 

The macrostructure of a small ingot of this mate- 
rial is shown at 2X in Fig. 1. As a standard of low 
porosity, a reference metal was provided of the fol- 
lowing composition: 


Si 0.06% 
Fe 0.17% 
Cu 0.01% 
Al Remainder. 


This material was from a 100-lb lot had been 
flushed for 10 min at the rate of 2.8 lb of chlorine per 
hr. It had a mean density of 2.690: gram per cc. The 
macrostructure of this reference metal is in Fig. 2. 


TABLE 1 — MELTING STOCK SPECIFICATION 











Max % % 
Cu 0.20 Fe + Si 1.00 max 
Mn 0.05 Others 0.15 max 
Zn 0.10 Al 99.00 min 
June 1958 + 105 
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Fig. 1 — Macrostructure of the melting stock. Sodium hydrox- 





Fig. 2 — Macrostructure of the special reference lot of alumi- 
num. Sodium hydroxide etch. 2X 


Hydrogen in Molten Aluminum 


Five-hundred-gram batches of the melting stock 
were melted by induction (in air) in commercial 
magnesia crucibles under graphite lids. All batches 
were superheated to 900 C, for two purposes: 1) to 
encourage the absorption of hydrogen, and 2) to 
permit holding the melts, unheated, for 1.5 min and 
still having them molten for casting. Some melts were 
cast, without degassing treatment, into carbon-dressed 
cast-iron molds preheated to various temperatures. 
Others, prepared in quite the same way and similarly 
cast, were first treated with one 28-gram_ briquette 
each. These briquettes contained chlorine equivalent 
to 1800 ce at 900 C, or 1500 cc at a casting tempera- 
ture of 727 C. 

With or without the briquette addition, the metal 
was held for 90 sec after the heating power was cut 
off. During this interval, the temperature, initially 
about 900 C, fell by 115-130 C. 

From each cast ingot, specimens were taken for 
examination of porosity, for determination of density, 
and for spectrographic analysis. 

Densities were determined by use of the principle 
of Archimedes. The immersion liquid was freshly 
boiled distilled water for which the variation of den- 
sity with temperature is known. During weighings, 
the temperature of the water was continuously fol- 
lowed by use of a Beckmann differential thermometer 
referred to a secondary standard. Densities to five fig- 
ures were recorded, although the error may some- 
times approximate + 0.0001 gram per cc. 


RESULTS AND DISCUSSION 

All the melts were cast into molds which were 
either cylindrical or dome-shaped, so that the castings 
were inadequately fed. In consequence, the porosity 
due to the escape of gas from the freezing metal was 
exaggerated. Of course, the development of spaces 
due to shrinkage was also encouraged. The difference 
between the forms of the pores of the two origins 
generally permitted their differentiation. 

In ingots cast from the briquette-treated melts, the 
pores were mainly irregularly elongated, angular, or 
channel-like. They were evidently a product of the 
shrinkage resulting from imperfect flow of the feed- 
ing liquid into interdendritic channels of the growing 
crystals. Few of the rounded gas-created pores were 
found in the briquette-treated metal (Fig. 3). 

Ingots cast from melts of the same material with 
no flushing treatment contained an abundance of 
pores which were round, or somewhat rounded. These 
were ascribed to the evolution of gas during the solidi- 
fication of the metal. The substantial absence of the 
angular or channel-like pores was explained by the 
assumption that the released gas expanded enough to 
counteract the shrinkage because of poor feeding dur- 
ing solidification (Fig. 4). 


TABLE 2 — DENSITIES OF SUCCESSIVE LAYERS FROM CYLINDRICAL CASTINGS. ODD NUMBERS HAD BRIQUETTE 


















TREAT MENT. 
Melt No. 6 7 8 9 10 11 12 13 
Mold Temp, C 24 24 186 186 300 300 400 400 
Layer Density, gm/cc 
D 2.6631 2.6615 2.6630 2.6612 2.6438 2.6639 2.6391 2.6659 
C 2.6619 2.6586 2.6648 2.6644 2.6414 2.6600 2.6318 spoiled 
B 2.6653 2.6602 2.6628 spoiled 2.6401 2.6634 2.6226 2.6759 
A” 2.6613 2.6545 2.6552 2.6569 2.6305 2.6603 2.6055 2.6741 
* Lowest 
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Fig. 3 — Section near bottom of ingot 
made from briquette-treated melt, cast 
into dome-shaped mold at 270 C. The 
irregular, channel-like pores suggest 
the influence of shrinkage with poor 
feeding. Sodium hydroxide etch. 2X 


The contrast between the form of the pores which 
apparently were gas-generated, and that of the cavi- 
ties attributed to shrinkage is further emphasized in 
Fig. 5 and 6. There sections from the same position 
in ingots cast in the same mold with and without 
the briquette treatment, are shown at higher magni- 
fication. 

Table 2 presents densities measured at four levels 
in ingots from treated and untreated melts cast into 
cylindrical molds at four temperatures. The densities 
shown in Table 2 reveal that, with a given smelting 
and pouring practice, the density is influenced by 
the rate of cooling during solidification. The relation- 
ship between density and cooling rate is more quickly 
recognized in Fig. 7. The mean density of each ingot 
of Table 2 is plotted against the mold temperature. 
Metal poured from briquette-treated melts attained 
its maximum density with the slowest cooling. Metal 
poured from untreated melts was of highest density 
when it was most rapidly cooled.® 

This difference in behavior supports the conclusion 
that the porosity of the treated metal was attributable 
to the shrinkage attending imperfect feeding. It sug- 
gests that a mold providing good feeding and direc- 
tional solidification toward the feeder head should 










Fig. 4 — Section near bottom of ingot 
made from untreated melt, cast into 
dome-shaped mold at 270 C. The pre- 
dominant, round pores are attributed 
to the evolution of gas during solidifi- 
cation. Sodium hydroxide etch. 2X 











permit the attainment of higher densities in castings 
made from briquette-treated metal. 

The spectrographic analyses reported in Table 3 
disclose that the magnesium content of the briquette- 
treated metal increased by about 0.006 per cent. It is 
not known whether that increase was due to inclusions 
of magnesium oxide, or to the solution of magnesium 
in the aluminum. 

The observed rise in the concentration of magnesium 
may not be considered objectionable in industrial 
practice. 


TABLE 3 — MAGNESIUM CONTENT OF CAST METAL 
MELTED WITH AND WITHOUT BRIQUETTE 








TREATMENT 
Melt No. Treatment Magnesium Content 

] None 0.0039 
0.0039 0.0036 
0.0030 

2 None 0.0033 
0.0025 0.0032 
0.0038 

3 Briquette 0.0106 
0.0098 0.0094 
0.0078 

4 Briquette 0.0080 
0.0097 0.0088 
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Fig. 5 — Section near bottom of ingot made from briquette- 
treated melt, cast into dome-shaped mold at 270 C. Irregular 
forms of shrinkage cavities are revealed. Sodium hydroxide 
etch, 25X 


26800, 


AFTER USE OF 
BRIQUETTE 


MEAN DENSITY, gmAc 








200 

MOLD TEMPERATURE. C 

Fig. 7 — Mean density of ingot (Table 2 vs mold temperature. 
Metal from briquette-treated melts (solid dots) was most dense 
after slowest cooling. Metal from untreated melts (open circles) 
was of highest density when rapidly cooled. 


CONCLUSIONS 
\ significant portion of the hydrogen in molten 
aluminum can be removed by treatment with bri 
quettes containing magnesium oxychloride weighted 
with corundum. 
The decomposition products of the briquettes make 
no objectionable addition to the aluminum. 


* modern castings 


Hydrogen in Molten Aluminum 


Fig. 6 — Section near bottom of ingot made from untreated 
melt, cast into dome-shaped mold at 270 C. The rounded forms 
of gas-created pores are evident. Sodium hydroxide etch. 25X 


In the experiments reported, the porosity of the 
briquette-treated metal was largely attributable to 
shrinkage. The corollary is that higher densities could 
have been attained in the briquette-treated ingots 
had the feeding been adequate Unless continued 
solidification toward the feeding head is realized 
mainly through design of the mold), the beneficial 
effect of the flushing IS masked by unsoundm SS This 
results from shrinkage of the imperfectly fed casting 
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> Apprentices Show Skill 
in 35th Annual Contest 


Apprentices from Southern Califor- 
nia dominated the non-ferrous mold- 
ing division of the 1958 Robert E. 
Kennedy Memorial Apprentice Con- 
test by taking the first three places. 
In addition a Southern California 
entry placed second in the wood 
patternmaking division. 

Winners in the five divisions of 
the 35th Annual Contest represent- 


This year’s competition attracted 
the second highest number of entries 
and the greatest chapter and com- 
pany participation. Eighteen chapters 
and 151 companies submitted pat- 
terns and castings for competition. 
In the national judging, entries for 
wood and metal patternmaking as 
well as steel molding set new highs 


for competition. 


National Apprentice Winne 


Paul Niebur, Ist 


ne 


Raymond McDermott, 
tal patternmaking Ist ton 


_ 


James Gift, 
ding steel mn dinc 


Local Chapter Contests 


Canton 
Central Ohio 
Detroit 
Michiana 
Oregon 

St. Louis 


Central Illinois 


Corn Belt 
stern Canada 
Ontario 
Quad City 
Twin City 


Northern Illinois & Southern 


Wisconsin 


Northeastern Ohio 
Philadelphia 
Southern California 


William Boatright, 
Ist, non-ferrous 


ed all sections of the United States. 
A total of 570 entries were received 
from the United States and Canada. 

The winners of the first three plac- 
es received cash prizes of $100, 
$75, and $50 and Ist and 2d places 
had their transportation paid to the 
Convention and received their awards 
in person. The first three place win- 
ners in each division had their en- 
tries exhibited at the Convention. 

For the first time in the Annual 
Contest an epoxy resin pattern, do- 
nated by Caterpillar Tractor Co., Pe- 
oria, Ill., was used for the molding 
competition. 


Washington 
Wisconsin 


Adam Kravetz, Ist, 
wood patternmaking 


Winners of the Ist, 2d, and 3d 
places in the National Competition: 


Wood Patternmaking 
Adam J. Kravetz, Progress Pattern 
Co., Pontiac, Mich. 
Gerald Celk, John C. Beuse Patterns, 
Los Angeles. 
Edward Lamparyk, Modern Pattern 
Co., Cleveland. 


Metal Patternmaking 
Paul Niebur, Central Pattern Co., St. 
Louis. 


Continued on page 111 
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Picture of Les- 
lie Lowe is not 


available. 





lron Molding 2d, James Sanders; 3d, Leslie 
Lowe 


Gray Iron Molding Divisions winners. 
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Steel Molding 2d, James Rogers; 3d, Gor 
don Wambold 











Steel Molding Division winners. ie 








Wood Patternmaking 2d, Gerald Celk 
3d, Edward Lamparyk 





Non-Ferrous Molding 2d, Loring Thomas; 
3d, Ralph Leland. 








Non-Ferrous Molding Division winners. 
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Metal Patternmaking — 2d, Clifford Duck- 


Metal Patternmaking Division winners. worth; 3d, Maurice Klante. 
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Apprentice Contest 


Continued from page 109 


Clifford Duckworth, Caterpillar Trac- 
tor Co., Peoria, Ill. 

Maurice Klante, R. A. Nelson Pattern 
Co., Milwaukee. 


Iron Molding 


Raymond McDermott, Brown & 
Sharpe Mfg. Co., Providence, R. I. 

James Sanders, Fairbanks, Morse & 
Co., Beloit, Wis. 

Leslie L. Lowe, Caterpillar Tractor 
Co., Peoria, Ill. 


Steel Molding 


James E. Gift, Jr., Dodge Steel Co., 
Philadelphia. 

James Rogers, Oregon Steel Foundry 
Co., Portland, Ore. 

Gordon Wambold, Waukesha Foundry 
Co., Waukesha, Wis. 


Non-Ferrous Molding 


William Boatright, AiResearch Mfg. 
Co., Los Angeles. 

Loring Thomas, AiResearch Mfg. Co., 
Los Angeles. 

Ralph Leland, Alloy 
Foundry, Los Angeles. 


Aluminum 


Biographies 


Metal Patternmaking 


Paul Niebur, 24, worked part time 
nights in a machine shop before start- 
ing with Central Pattern Co. as a 
trainee in 1956. He became an ap- 
prentice in 1957, 


Clifford Duckworth, 22, entered a 
4-year metal patternmaking course at 
Caterpillar Tractor Co. in 1954. He 
has completed his course and works 
as a metal patternmaker. 


Maurice Klante, 27, worked in Mil- 
waukee machine shops for 5-1/2 years 
before becoming an apprentice pat- 
ternmaker two years ago. 


Non-Ferrous Molding 
William Boatright, 43, has 5-1/2 
years experience in the foundry in- 
cluding 18 months in molding. Pre- 
viously he worked in the grinding 
and melting departments. 


Loring Thomas, 43, has seven years 
experience in the foundry including 
two years in molding. He has also 
worked in the grinding and finishing 
departments as well as melting and 
pouring. 


Ralph Leland, 20, has three years 
foundry experience including one year 








in grinding and finishing departments 
and two years in molding. 


Steel Molding 


James Gift, Jr., 21, started with 
Dodge Steel Co. in 1955 in the chill 
department and became an appren- 
tice molder in 1956. His father is also 
a molder with Dodge. 


James Rogers, 21, majored in 
foundry courses in high school. He 
also participated in a foundry course 
given by the Oregon State Appren- 
tice Council. In 1955 he started as 
an apprentice molder at Electric Steel 
Foundry Co. 


Gordon Wambold, 22, became a 
graduate apprentice in March, 1958. 
He has taken related training at Wau- 
kesha Vocational School and the Uni- 
versity of Wisconsin extension divi- 
sion. 


Wood Patternmaking 


Adam J. Kravetz started his ap- 
prenticeship program at Progress Pat- 
tern Co. in 1956 and is attending 
classes at Detroit Apprentice Train- 
ing School in accordance with the 
program for apprentice training. 


Gerald Celk, 23, attends East Los 
Angeles Junior College. He worked 
in the patternmaking departments of 
Aluminum Co. of America before be- 
ginning his apprenticeship program 
with John C. Buese Patterns. 


Edward Lamparyk, 22, studied pat- 
ternmaking in high school before be- 
ginning apprentice program with Mod- 
ern Pattern Co. Under program he 
attends trade school one day weekly 
for three years and during final two 
years attends school one evening 
weekly. 


Iron Molding 


Raymond McDermott, 25, became 
a molding apprentice in 1951. After 
three years in the armed service he 
returned to continue his apprentice- 
ship at Brown & Sharpe. He has been 
a journeyman molder for one month. 


James Sanders, 26, started his ap- 
prenticeship at Fairbanks, Morse & 
Co. in 1954 following two years in 
the armed service. He has maintained 
an “A” average in related instruction 
given foundry apprentices at Beloit 
Vocational & Adult School. 


Leslie Lowe, 22, started his 4-year 
apprentice course at Caterpillar in 
1955. 
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Annual Foundry Instructors Seminar 
Links Education and Casting Industry 


@ Closer relations between secondary 
schools and the foundry industry and 
ways of fostering modern methods of 
foundry and pattern shop instruction 
will be among the topics discussed at 
the 3d Annual AFS Foundry Instruc- 
tors Seminar. 

The Seminar, sponsored by the AFS 
Education Division, will be held June 
19-21 at Case Institute of Technology, 
Cleveland. The Society will assume 





C. H. Pomeroy, speaker 


all Seminar expenses in Cleveland. 
Chapters are assisting in transporta- 
tion. 

Among the topics to be discussed 
will be teaching aids, discussion of 
curicula, shop layout, laboratory fa- 
cilities, casting methods, techniques 
and applications, in-plant training and 
career opportunities. 


THURSDAY, JUNE 19 
Morning Session 
9:00-10:00 am—Registration, main 
lobby, Tomlinson Hall. 
10:00-10:15 am—Welcome and orien- 
tation. 
Co-Chairmen B. L. Bevis, Cater- 
pillar Tractor Co., Peoria, II1.; 
C. E. Nelson, Dow Chemical 
Co., Midland, Mich. 
10:15—11:30 am—New Casting De- 
velopments, Prof. J. F. Wallace, 
Case Institute of Technology. 


Afternoon Session 


12:30-3:30 pm—Field trip, Aluminum 
Co. of America. 

3:30-4:00 pm—Discussion of field 
trip. 





4:00-4:45 pm—Education and Our 
Industry’s Survival, film, I. H. Den- 
nen, Beardsley & Piper Div., Petti- 
bone Mulliken Corp., Chicago. 
4:45-5:15 pm—AFS Training & Re- 
search Institute, R. E. Betterley, 
T&RI Training Supervisor. 
6:00-7:00 pm—Dinner. 
7:00-7:15 pm—Workshop 
tion, R. E. Betterley. 
7:15-9:30 pm—Workshops by select- 
ed groups. 


orienta- 


FRIDAY, JUNE 20 


Morning Sessions 
9:00-10:30 am—Chairman C. E. 
Nelson. Workshop reports. 
11:00-11:45 pm—Safety in the School 
Shop, H. J. Weber, AFS Director of 
Safety, Hygiene & Air Pollution 
Program. 
12:00-1:00 pm—Lunch. 


Afternoon Sessions 
1:00-1:30 pm—Discussion of AFS 
Activities. 
1:30-2:45 pm—Panel discussion of 
AFS. 
1:30-2:45 pm—AFS & Education, a 
panel discussion. 
3:00-4:00 pm—Casting Quality, 
Clyde A. Sanders, American Col- 
loid Co., Skokie, Il. 
4:00-5:00 pm—Crucible Melting and 
Care, film, Crucible Manufacturers’ 
Association. 
6:00-8:00 pm—Dinner, Tudor Arms 
Hotel. Speaker, Cleve H. Pomeroy, 
National ‘Malleable & Steel Castings 
Co., Cleveland. 


SATURDAY, JUNE 21 


9:00-10:00 am—Cast Metals in In- 
dustrial Arts and Vocational Edu- 
cation Instruction, Dewey Barich, 
Detroit Institute of Technology, De- 
troit. 

10:15-11:15 am—Technical Training 
for Tomorrow, John P. Walsh, U.S. 
Office of Education, Washington, 
Dc. 

11:15-12:00 Noon—Summary. 

12:00-1:00 pm—Luncheon. 

1:00-2:00 pm—Evaluation meeting. 
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T&RI Course Outlines 1958 T&RI Courses 
Copper-Base Melting Sn Tsing ones 


Demonstration and laboratory course. Basic testing methods and 
equipment are demonstrated in view of sand properties, variables 


. Melting of Copper-Base Alloys, the and basis of classifications. snd contedls. Liaited to S%. Reaictration feo $195. 
first Training & Research Institute Among subjects discussed under 
course dealing with non-ferrous met- Melting Equipment were electric and Cupola Melting of Iron July 7-11—Chicago 
als was attended by 24 students fuel-fired furnaces including applica- 
April 9.4 in Chicago. tions. advantages, capacity and invest Lecture course tor cupola operators, supervisors, metallurgists and 
Three authorities in the non-fer- ment cost. foremen. Basic principles for optimum cupola operation are consid 
rous field donated their time as in- Control of Melt Quality included ered. Registration fee $65. 
structors. They were: Harry Ahl, Sam- a discussion of furnaces, raw mate- , mn : ss : 
uel Greenfield, Inc., Buffalo, N. Y.: rials, effect of refractories, furnace Sand Control Technology Aug. 11-15—Detroit 
Herman L. Smith, Federated Metals atmosphere, fluxes and the tempera Lecture course for foundrymen having had some experience in sand 
Div., American Smelting & Refining ture control. testing control and technology. Pre-requisite; Sand Testing course or 
Co., Whiting, Ind.; and R. L. Riddell, Test Procedures for Quality Con equivalent experience. Registration fee $65. 
H. Kramer & Co., Chicago. trol covered its importance, fracture 
Subjects consisted of four majo tests, specific gravity, fluidity, deep- Patternmaking Aug. 18-20—Chicago 
classifications: Classification of Alloys etch testing and pressure testing. , 
ee ae Lecture and demonstration. Course for patternmakers, foremen, su 
and Definition, Melting Equipment, Question and answer periods were een hs ; 
; iy es : bes pervisors, trainees, purchasers of castings, suppliers and management. 
Control of Melt Quality and Test Pro- held during the course and a 70- Registration fee $40 
cedures for Quality Control. question achievement test was given pyre 
lassific ition of Alloys ind Defini all enrollees by R E. Betterley, T&RI a Sept. 8-12—Chicago 
tion included information on scope lraining Supervisor. ; 


Demonstration and lecture course on in-plant environmental problems 
and safety. Appropriate for foremen, supervisors, engineers, safety men 
and top management. Registration fee $65. 





Metallography of Non-Ferrous Metals° Sept. 15-17—Chicago 


Lecture course for meiters, supervisors, foremen, foundry engineers 
researchers, laboratory technicians, metallurgists and design engineers. 
Registration fee $40. 


Product Development Sept. 24-26—Chicago 























Lecture course on product analysis from design to marketing of finished 
castings. Scheduled for foundry engineers, sales engineers, technicians 
supervisors, metallurgists and management. Registration fee $40. 





Air Pollution Control & Legislation Oct. 1-3—Chicago 





Lecture course covering the laws and interpretation, problems, sug 
gested solutions and the drafting of ordinances from the foundry 
standpoint. Registration fee $40. 


Industrial Engineering Oct. 13-17—Milwaukee 


Lecture and work shop course on better standards and cost control. 
Rating and motions and time study techniques. Registration fee $125. 


Gating & Risering of Ferrous Castings Oct. 27-31—Chicago 
Melting of Copper-Base Alloys instructors, Fred Ricdell and Harry Ahl shown with students, left 


to right, Arthur E. Puschman, Essex Brass Corp., Detroit, Mich.; W. A. Wallace, Southern States Lecture course on the problems relating to gating and risering. In 


Equipment Corp., Hampton, Ga.; Glen Futrell, Viking Pump Co., Cedar Falls, lowa; Anthony tended for foremen, technicians, foundry engineers, supervisors, in 
Waller, Winters Foundry & Machine Co., Canton, Ohio and Robert £. Schuchardt, Carl Bajohr, dustrial engineers and production and quality control personnel. 
Co., St. Louis. Fee $65. 


Foundry Plant Layout Nov. 10-12—Chicago 


Lecture course on problems of rehabilitation or building of new plants. 
Intended for foremen, supervisors, industrial and production engineers 
and management. Registration fee $40. 


Courses originally scheduled for other 
dates 


Payment of tuition fees should accompany enrollment application. Makes reservations only 
with Director, AFS Training & Research Institute, Golf & Wolf Roads, Des Plaines, Ill 
Tel VAnderbilt 4-0181. 














Portion of students attending 3-day course on Melting of Copper-Base Alloys course held in 
Chicago. 
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@ A visit to the National Office in 
Des Plaines, Ill., has been arranged 
for Chapter Chairmen and Program 
Chairmen attending the 15th Annual 
Chapter Officers Conference to be 
held June 12-13. 

At the Central Office, Chapter Of- 
ficers will be divided into several 
groups to meet with AFS Officers 
and Staff. The head of each staff de- 
partment will outline activities and 
policies of his department. The meet- 
ings will be informal and questions 


Schedule AFS Headquarters Tour for 
June Chapter Officers Conference 


will be invited. Each group will visit 
all of the staff departments. 

A better understanding of the So- 
ciety operations is expected to result 
from the group meetings based on 
the success of the workshops at the 
annual Foundry Instructors Seminar. 

Additional meetings and the Con- 
ference Banquet will be held at the 
Hotel Sherman in Chicago. Dr. Dew- 
ey Annakin, Indiana State College, 
Terre Haute, Ind., will speak on 
“Backdrop for Survival.” 





Education Division 
Movie Now Underway 


Production has started on a 16-mm, 
sound educational movie showing the 
importance, use and manufacture of 
castings and the training of qualified 
personnel for the foundry industry. 

The 25-min color movie with narra- 
tion features a broad coverage of uses 
of castings in home and industry. It 
is suited for showing to students as 
well as technical and non-technical 
groups 

Originally the film was produced 
by Beardsley & Piper as a silent mov- 
ie entitled Education and Our Indus- 
try’s Survival. Beardsley & Piper has 
underwritten the cost of the movie in 
silent form. Upon recommendation of 
the Program & Papers Committee of 
the Education Division the Society has 
authorized funds to add a_ sound 
track and the production of two 
copies. 

The film was previewed by the 
Program & Papers Committee at its 
March meeting in Chicago and rec- 
ommendations made at that time for 
use of the film with the addition of 
sound. 


Cupola Group Starts 
Work on New Project 


@® A program has been initiated by 
the Cupola Advisory Committee to 
develop information relating to hot- 
blast acid-lined cupola operation, us- 
ing data that is available and to 
compare it with similar data devel- 
oped from cold-blast operatici. 

The work is being undertaken by 
a sub-committee composed of W. R. 
Jaeschke, H. H. Wilder and W. W. 
Levi. Factual data is being solicited 
from foundries in the United States 
employing these cupolas. 

Tuyere design and blast penetra- 
tion was selected for possible future 
research program. 


Committee members conducted 
their March meeting at the LeClaire 
Hotel in Moline, Ill., and after the 
meeting inspected the water-cooled 
cupolas and water-cooled tuyere in- 


stallations at Deere & Co. 


Core Test Group to 
Make Book Revisions 


e Daniel R. Chester, Archer-Daniels- 
Midland Co., Cleveland was elected 
chairman of the Sand Division Core 
Test Committee at its March meeting 
in Cleveland. Donald S. Mills, Gen- 
eral Motors Corp., Detroit, was elect- 
ed Vice-Chairman. 

The committee took action to make 
revisions in the Founpry SANpD 
Hanpsook dealing with the tenta- 
tive testing procedure of the COs 
process for making cores. 

Investigation will also be made in- 
to the possibility of devising a tenta- 
tive standard test method for the self- 
curing binders. 


Radiation Protection 
Manual Group Reports 


@ Progress on the RaAptaTion Pro- 
TECTION MANUAL was discussed at 
the March meeting of the Radiation 
Protection Committee held in Chica- 
go. 

The manual will be composed of 
nine sections including an Introduc- 
tion, Nature & Sources of Radiation in 
the Foundry, Health Aspects of Radi- 
ation, Control of Radiation in the 
Foundry, Radiation Detection, Pro- 
tection by Shielding & Distance, 
Procedure for Handling and Use of 
Sources of Radiation, Training of Per- 
sonnel and Glossary. 

Assignments were made to commit- 
tee members. Portions of the text 
have been written and approved by 
the Radiation and Steering Commit- 
tees. 









Chapter N ews 








Philadelphia Chapter 
Holds Casting Clinic 


@ More than 140 foundrymen attend- 
ed the April meeting to participate in 
a round table discussion on new de- 
velopments in cast metals. 

Apprentice awards were also made 
at the meeting. AFS Regional Vice- 
President O. J. Myers, Reichhold 
Chemicals, Inc., White Plains, N.Y. 
attended the meeting. 

Participating in the round table 
discussion were: 

Eugene Lanar, Dodge Steel Co., 
Philadelphia. 

John Juppenlatz, Quaker Alloy 
Castings, Myerstown, Pa. 

H. Reitinger, consultant, Beverly, 
N.J. 

James Vanick, International Nickel 


Co., New York. 

Joseph Allen, Jr., American Smelt- 
ing & Refining Co., Newark, N.]. 

R. B. Fischer, Ingersoll-Rand Co., 
Phillipsburg, N. J.—E. C. Klank 





AFS Regional Vice-President O. J. Myers 
(left) and Philadelphia Chapter Chairman H. C 
Winte 





Participating in Philadelphia’s April round table discussion were Eugene Lanar and John Juppen- 
latz representing steel. H. Reitinger and James S. Vanick representing cast iron. Joseph D. Allen 


Jr., and R. B. Fischer representing non-ferrous 








Philadelphia Education Chairman E. X. Enderlein, H. G. Enderlein Co., Philadelphia (right) presents 
apprentice awards. Winners are William Phillips, Olney Foundry, Philadelphia; Fred Rothenhofer, 
Dodge Steel Co., Philadelphia; Peter Capritti and John Filippine, both of Florence Pipe Foundry 
& Machine Co., Florence, N.J. 


— Leo Houser 


RIG 
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Chapter News 


St. Louis District Chapter Honors Apprentices 


@ The March meeting featured a 
talk by A. F. Pfeiffer, Allis-Chalmers 
Mfg. Co., Milwaukee, on “Coordina 
tive Function of Pattern Equipment 
and Castings.” 

AFS Field Director Dan J]. Haves 
also addressed the meeting on prob- 
lems dealing with AFS membership 

H.V. Boemer 


Old-timers meet again at St. Louis Chapter 

meeting in March. William Buckner, shown on 

left, was foundry superintendent and worked 

with A. F. Pfeiffer, right, at the Milwaukee 

plant from 1938-1944. Buckner is now presi 
Dan J. Hayes, AFS Field Director on left, and dent of Buckner Foundry Co., East Alton, III 
A. F. Pfeiffer, were speakers at the St. Louis Pfeiffer, speaker at the March meeting, has 
March meeting. Chapter Chairman James Can- been employed by Allis-Chalmers for 55 
non, Duncan Foundry & Machine Works, Alton years. He is a past president of the Wisconsin 
lil., is on right. Chapter 


Apprentice Certificates and handbooks were awarded to apprentices by Dale Arnette, Arnette 
Pattern Co. Left to right are Mathew Bertz, Belleville Pattern Co.; Lody Milkovich, American Stee! 
Foundries, Inc.; Milfred Shadwick, General Steel Castings Corp.; Charles Benda, Central Pattern 
Co.; Joe Wilson, Central Pattern Co., Dale Arnette 





Awards were presented to apprentice winners in wood and metal patternmaking at the St. Louis 
March meeting. Left to right are S. R. Strayhorn, Progressive Pattern Co.; Don Mason, Reimler 
Pattern Co.; Donald Kuenzel, Central Pattern Co.; Milfred Shadwick, General Steel Castings Corp.; 
Elbert Williams, Central Pattern Co.; Apprentice Contest Chairman Ralph Petersen, Central Pat- 
tern Co.; Arthur Wildermuth, American Steel Foundries, Inc.; Joe Wilson, Central Pattern Co.; 
Walter Kaetzel, Central Pattern Co.; Paul Neibur, Central Pattern Co.; Ron Heckel, Progressive 
Pattern Co. 
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Central Ohio 
Honors Apprentice Winners 


@ Winners of the chapter's appren- 
tice contest were announced at the 
April meeting. Two speakers were 
also featured. W. C. Webb, Bureau 
of Apprenticeship, U. S. Dept. of 
Labor, spoke on Education and J. E. 
Haller, James B. Clow & Sons, Inc., 
Coshocton, Ohio, discussed Metal Pen- 
etration in Sand. 

Webb reported to the chapter on 
progress in the foundry industry, a 
survey on jobs in foundries, and ap- 
prentice training based on his con- 
tacts with 400 foundries in Ohio, 


Michigan and Kentucky. 

Haller, a member of the Mold Sur- 
face Committee of the AFS Sand 
Division, reviewed the work of that 
group 

Apprentice winners were: 

Gray Iron Molding—George Davis, 
Burnham Corp.; Charles Jewell, 
Burnham Corp.; and Robert Hig- 
gins, Cooper-Bessemer Corp 

Steel Molding—Homer Leeth, Ohio 
Steel Foundry and Willie Gaines, 
Ohio Steel Foundry. 

Wood Patternmaking—Arlen Munsey 
Ohio Steel Foundry and Darrel 
Sickles, Ohio Steel Foundry.—Jos¢ 
Acebo 


or 


Central Ohio Chapter’s April meeting was devoted to apprentices and education. Left to right 
are George Davis, Burnham Corp., Ist place winner in gray iron molding; Charles Jewell, Burn 
ham Corp., 2d place winner in gray iron molding; speaker W. C. Webb, Bureau of Apprentice 


ship, U.S. Dept. of Labor; speaker J. E. Heller 


James B. Clow & Sons, Inc Coshocton, Ohio; 


Robert Higgins, Cooper-Bessemer Corp., 3d place winner in gray iron molding; Willie Gaines, 
Ohio Steel Foundry, 2d place winner in wood patternmaking. 


John Wilson, Climax Molybdenum Co., Los Angeles (center) was the featured speaker at the 
April meeting of the Washington Chapter. Others are Chapter Treasurer Jack Uren, Firebrick 
Supply Co., Seattle, Wash.; retiring Chapter Chairman William K. Gibb, Atlas Foundry & Machine 
Co., Tacoma, Wash.; Chapter Chairman Leon Morel, Morel Foundry Corp., Seattle, Wash.; Chapter 
Secretary Frank Jefferson, Frank Jefferson, Inc., Seattle, Wash.—Frank H. Jefferson 


Treasurer—John W. Uren, Firebrick 
Supply Co., Seattle, Wash. 

Secretary—Frank H. Jefferson, Frank 
H. Jefferson, Inc., Seattle, Wash. 

Directors (Terms expire 1961)—Her 
bert Rushfeldt, Atlas Foundry & 
Machine Co., Tacoma, Wash.: 
Thomas O’Brube, Materials Recla- 
mation Co., Seattle, Wash.; Everett 
Behrmann, Olympic Foundry, Au- 
burn, Wash. 


Washington Chapter 

Elects New Officers 

@ Officers and Directors for the 1958- 

1959 season have been elected by the 

Washington Chapter. 

Chairman—Leon Morel, Jr., Morel 
Foundry Corp., Seattle, Wash. 

Vice-Chairman—Vernon W._ Rowe, 
Balard Pattern & Brass Foundry, 
Seattle, Wash. 





Chapter News 


volved but the lower practical level 
of moisture is the most desirable in 
all cases, he stated. 

In summary he said that synthetic 
sand practice using established meth 
ods of green and high temperature 
control can furnish the means for 
producing superior castings.—]. David 
Johnson 


Northern California 
Patternmaking Clinic 


@ Three local patternmaking men 
conducted a patternmaking clinic at 
the April meeting. Mark Thomas, Pa- 
cific Pressure-Cast Products Rich 
mond, Calif., discussed the plaster 
cast method of producing patterns 
and the use of matchplates. 

George Wettstein, Oakland Pattern 
Works, exhibited several plastic du Oregon Chapter members at the April meet 


li , . ing heard John E. Wilson, Climax Molybdenum 
plications of patterns which required 5 Genus fens. Guten Aiedine fe be 
slight modification or had to be dupli- havior cf Steel Castings. — Bill Walkins 

cated to facilitate production. Wett- 





—_ stein explained that plastic patterns 
, ‘ould be made ; TO 
Saginaw Valley Chapter held its Ladies Night program at the Bancroft Hotel, Saginaw, Mich. More could be made at lower cost than by Oregon Students 
than 250 persons attended the annual event which includes dinner and dancing.—R. J. Gleffe conventional methods. EI Offi 
Angelo Castagnola, A.B.( Pattern ect icers 
Works, Oakland, Calif explained @® Officers for the 1958-59 season have 


problems involved in the production been elected by the Oregon Student 


of patterns for shell casting, dealing Chapter. Officers are: 
with the methods, materials, and _ tol- 
erances necessa’ry for the he st Te- 


sults.—Harold Henderson 


Chairman—Charles F. Query. 
Vice-Chairman—Sil L. Arata. 
Secretary—Dee J. Hillberry. 
Treasurer—Donald Dauterman. 


New England Chapter 
Hears Russian Trip 








@ The April meeting was held at 


Six past presidents of the Saginaw Valley Chapter attended the April meeting. Left to right are 


> > ) e 
James E. Bowen, Chevrolet Saginaw Grey Iron Foundry, Saginaw, Mich.; Kenneth Priestely the Metals Process Laborato Vv, Mas- 
Vassar Electroloy Products, Inc., Vassar, Mich.; Woodrow Holden, Dostal Foundry & Machine sachusetts Institute of Technology, 
Co., Pontiac, Mich.; Chapter Chairman Vernon J. Sadler, General Foundry & Mfg. Co., Flint Cambridge, Mass. Prof. Morris Cohen 
Mich.; Fred P. Strieter, Dow Chemical Co., Midland, Mich.; Marshall V. Chamberlain, Dow Chem- | , 
; ‘ ; department of metallurgy, spoke on 
ical Co., Midland, Mich.; Oscar E. Sundstedt, General Foundry & Mfg. Co., Flint, Mich R. J. Gleffe I . Se 


his recent trip to Russia emphasizing 
Soviet education in metallurgy and 
Rowell, Harry W. Dietert Co., De- progress which Russia has made 
troit. He emphasized that castings F. S. Holway 

must be metallurgically sound as well 
as accurate and attractive in appear- 
ance to compete in today’s market. 








Northwestern Pennsylvania 


Water-Cooled Cupolas 


He recommended the use of a rea- 


M. H. Horton, March speaker at the North- 
sonably fine grained sand with suffi- 


western Pennsylvania Chapter 








cient clay for good green, dry and @ Sixty-five members and guests at- 
elevated temperature properties, low tended the March meeting to hea 
moisture, and ramming the molds M. H. Horton, Deere & Co., Moline, 
hard. Water should be added _ to Ill., discusses Water-Cooled Cupolas, 
green sand primarily to pasticize and Construction, Economics, Operation 
° ps _ " 
activate the clay. The degree of pas- and Problems. 
ticity should be more in the nature of The chapter has instituted a new 
a moist powder rather than a heavy system of identification for its mem- 
Saginaw Valley members at the April meeting mud. bers. Instead of the usual pocket 
heard Hugh A. Wichert, personnel and busi- Improved flowability and reduction inserts, members are given a perma 
ness consultant, speak on Humanics. in mold wall movement tendencies nent lapel identification with the in- 
can be achieved in this manner. A dividual’s name and company affilia- 
ae gain in finish and tolerance can be tion. Membership Chairman Mrs. O. 
Twin City Chapter ; . . ’ ree . 7 . : 
° . made simpiv DY eeping 1e moisture 4s &, « =e , orthwestern ennsylivania members are is- 
Synthetic Sand Practice | pl by keeping tl t C Bueg, res Pattern & Engine ring Northwest P ; - b 
as low as it can be worked. Co., Erie, Pa., has charge of issuing my — ee = ication. On left 
@ Svnthetic sand practice was out- Allowances will have to be made and maintaining the badges.—Walter is Chapter Membership Chairman Mrs. O. C 
; : r x - : cae . : Bueg, on right is official greeter R. N. Wheat 
lined at the April meeting by Victor for the equipment and rigging in- Napp 


ley, Eastern Clay Products Co 
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e apter News 








A Revizw of the Use cf Reinforced Plastics was presented at the April meeting of the Eastern 
Canada Chaptez by H. Burron, Canadian Steel Foundries (1956) Ltd., Montreal, Que. Left to right 


are Director S. G. Singleton, Legare Foundry, Ltd 


Sherbrooke, Que.; Director M. Trottier, Quebec 


lon & Titanium Corp., Sorel, Que.; Secretary L. Myrand, Montreal Foundry, Ltd., Montreal, Que.; 
Direc’or J. H. Roberts, Canada Iron Foundries, Ltd., Troi-Rivieres, Que.; Vice-Chairman M. Reading 
Fourd y Se vices (Canada), Ltd., Montreal, Que. speaker Burton, Wm. C. H. Dunn, Western Pat 


tern Works, Montreal, Que.; Director W. Tibbits, 


Canadian Steel Foundries (1956), Ltd.; Treasurer 


Niven, Canadian Steel Foundries (1956), Ltd., Montreal, Que.; and W. Nutall, Warden King 


Ltd., Montreal, Que F. Machin 


Four members attending the March meeting 
he Northwestern Pennsylvania Chapter 
Davis, Erie Forge & Steel Co.; W. J 
Frederic B. Stevens, Inc., and C. Wag 

d / esriewski, Erie Forge & Steel Co 


U.S. Senator Karl Mundt, South Dakota, was 
featured speaker at the April meeting of the 
Wisconsin Chapter. Shown left to right at the 
Management Night meeting are T. H. Tanner, 
Zenith Foundry Co., Milwaukee; speaker 
Mundt; avd AFS Director A. M. Slichter, Pel- 
ton Steel Casting Co., Milwaukee. — Bob De 
Broux 


Washington Chapter 

Steel Castings Talk 

@ Some Factors Affecting the Behavior 

of Steel Castings was presented at the 

April meeting by John E. Wilson, 

Climax Molvbdeum Co., Los Angeles. 
Among the topics covered were 

melting and casting practice, heat 

treatment and hardenability, and wear 

resistance. — Frank H. Jefferson 


British Columbia 

Steel Castings Talk 

® Anpril’s meeting featured a talk on 
Some Factors Affecting the Behavior 
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of Steel Castings by John E. Wilson, 
Climax Molybdenum Co., Los An- 
geles. The importance of hyurogen 
distribution when correlating hard- 
ness and cooling, along with the 
transformation determinations of 
chemical composition were discussed 


in detail. — J. T. Hornby 


tame 


Leon Kimpal with mementos presented by the 
Rochester Chapter. Education Chairman Dun- 
can M. Wilson, Engineered Castings Div., 
American Brake Shoe Co., Rochester, is on 
right 


Central New York 
Meeting the Challenge 


@ The Recession and Unemployment 
Problems were discussed in March by 
Rev. Richard M. McKeon, S. J., Le- 
Moyne College, in a meeting held at 
LeMoyne Manor, Liverpool, N.Y. 
Father McKeon said that American 
business must expand in times rising 
unemployment and must expand fa- 
cilities, improve products and increas- 
ing advertising. Factors causing the 
present economic condition and fac- 
tors which would lead to an upturn 
were also discussed. — C. W. Diehl 





PRESIDENT 
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PRES. OF DIXIE BRONZE CO. 





Thanks Received for 
Phillipine Team Tour 


BA recently completed tour of the 
United States by a Phillipines foundry 
and machine shop productivity team 
was highly successful, according to 
Leslie A. White, project manager, 
International Cooperation Administra- 
tion, Washington, D. C. 

In a letter to the Society Head- 
quarters, White expressed his appre- 
ciation to the foundry industry on 
behalf of the International Coopera- 
tion Administration. 

Said White, “On the basis of op- 
timistic comments by all members 
of the team at the close of the pro- 
ject, we feel that it will prove to be 
one of the most successful and worth- 
while undertakings of its kind during 
recent years.” 


COLLECTS 
STAMPS 
COINS 


AWO 
LIFE MAGAZINES 





Tri-State Chapter 
Castings Round Table 


@ Seven speakers discussed Metal. 
Castings in Modern Industry at the 
April meeting. Panelists represented 
design, engineering, pattern, castings, 
machine shop, production, and pur- 
chasing. 

Participating were: 

R. W. Trimble, AFS Regional Vice- 
President, Bethlehem Supply Co., 
Tulsa, Okla. 

Clint Cross, W. C. Norris, W. C. 
Norris Mfg. Co., Tulsa, Okla. 

J. H. Jensen, Manning, Maxwell & 
Moore Co., Tulsa, Okla. 

George Camp, Frank Wheatley 
Pump & Valve Mfg. Co., Tulsa, Okla. 

M. C. Hellander, Empire Pattern & 
Foundry Co., Tulsa, Okla. 

Dan Mitchell, Progressive Brass 
Mfg. Co., Tulsa, Okla. 











Jules Henry, Missouri Steel Cast- 
ings Co., Joplin, Mo. — Leslie A. 
O’Brien 





JUNE 


Central Illinois . . June 14 
Clambake—Barbecue Stag. 
Central Michigan . . June 7 . . Coldwater 
Country Club, Coldwater, Mich An 
nual Outing. 


Annual 


Chesapeake . . June 5. . American Radi- 
ator & Standard Sanitary Corp., Arling- 
ton Bronze & Aluminum Corp., and 
Franklin Balmar Corp. Plant Visitation 


Connecticut June 20 Restland 


Farms, Northford, Conn Annual Out 

ing 

Detroit . . June 28 . . Glen Oaks Country 

Club Golf Outing 

Eastern New York . . June 21 . . Willow 

Brook Inn, Schenectady, N. ¥ Annual 

Outing 

New England . . June 13... Blue Hill 

Country Club . . Annual Outing 

Northeastern Ohio . . June 21 Twin 

Lakes Country Club, Twinsburg, Ohio 
Golf Outing 

Northwestern Pennsylvania .. June 2. . 

Amity Inn, Erie, Pa. . E. J. Mapes, 


Pickands Mather & Co., “Taconite Ore” 
and Film, American Iron Frontier 


Quad City .. June 16. . 
Valley June 7 
Potter’s Lake, East of 
Annual Outing 
Texas .. June 14... Fredonia Hotel, Na- 
cogdoches, Texas. Joint Meeting with 
East Texas Section. 
Tri-State . . June 21. 
on Rock River 


Annual Picnic 


I.M.A 


Davison, 


Saginaw 
l A rulge, 


Mich 


. Svithiod Lodge, 
Annual Picnic. 


Western New York .. June 14. . Sturm’s 
Grove . . Annual Stag Outing. 


JULY 


Wisconsin 
Country Club 


July 25 Tuckaway 
. Annual Outing. 





MORE FACTS on all products, 
literature, and services shown in 
the advertisements and listed in 
Products & Processes and in For 
the Asking can be obtained by 
using the handy Reader Service 
cards, pages 7-8. 
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Important Radiographic data at a glance 


Free Wall Charts give you latest information on film selection, 


relative speed, and contrast. 


opay’s fast films and varied radiation 
j pwnd give the present-day radiographer 
many new opportunities for establishing expo- 
sure factors to meet unusual conditions and 
get better radiographs. 

So that you can have the latest information 
right before you, Kodak has prepared two 
quick-reference wall charts—one, a guide for 
selecting the best type film for your x-ray and 
gamma ray work—the other, showing relative 
speed, contrast, and development of Kodak 
Industrial X-ray Films. 

These charts are yours—free for the asking. 
Just drop us a line and you'll get yours by 
return mail. 


EASTMAN KODAK COMPANY 
X-rav Division, Rochester 4, N. Y 


Gentlemen 
Radiographic data 


Name — 
Company - 
Street 


City — F secpahalinaid 


EASTMAN KODAK COMPANY 
X-ray Division 
Rochester 4, N. Y. 


Circle No. 199, Page 7-8 


Please send me your free wall charts otf 


236-6 


June 1958 
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Campbell, Wyant and Cannon, Pioneer 
Foundry, Celebrates 50 Years of Growth 


@ A half-century ago—in the spring the University of Michigan, to 
of 1908—three young men with cour- provide vital information to 
age and vision invested $1000 each foundrymen when they need it 
to launch a new business venture. most—before the molten metal 
Today, Campbell, Wyant and Can is poured. 
non Foundry Co., division of Textron First in the foundry industry 
Inc., the company they founded, is to use million-volt x-ray to de 
among the leaders in the nation’s tect flaws in metal. 
Soon after opening their foundry 
for business in 1908, an order from 
Continental Motors Corp. put them 
in the automotive field permanently 
CWC grew rapidly on the subsequent 
business of producing gray iron cast 
ings for the automotive industry 
High quality production on_ the 
Continental order proved the spring 
1908 foundry board to success. Within a year, pro- 
duction rose from five tons daily to 
foundry industrv—holding title as the 12 tons and a backlog of orders had 
largest independent gray iron foundry 
in the world. 
Donald J. Campbell, Ira A. Wy 
ant and George W. Cannon, the 


begun to accumulate. In another vear 

50 employes s were on the books and 

the original plant measuring 80 x 50 

ft was so crowded that a new building 
three working foundrymen who paid had to be purchased 

themselves $15 weekly in that first Within a decade. CWC’'s payroll 

torturous year, founded their infant 

Yea, company in a_ tiny shop with an 

initial capacity of five tons of cast- 


ee oe passed the two million dollar mark 
For Sixty Seven and further expansion was a necessity 
Acquiring an 80-acre tract on Henry 
-~ ings daily. Street, the firm erected in 1922 the 
SILVERY Today, CWC operates six plants, nucleus of what 
four in Muskegon, Mich., and one plant 
each at Lansing and South Haven. It ed by beautiful landscaped grounds, 
normally employs upwards of 2500 was added in 1929 with other im 


x ©Oar, workers. From a payroll which grad provements. 


is today the main 
4 modern office building, front 


SHOT *« GRIT 


ually swelled to $7500 in that first 
year, the firm now has a payroll which 


nually. 


FLUXES is exceeding 11 million dollars an 
* » SANDs 


cow 
¢pIEGELEISEN a 
FERRO PHOSPHORUS eo a perhaps the most note 


1) Castings of the world’s first four 
CLAYS cvlinder engine block. 
de , er of — os 
SS, 1 round piston rings for todays 
“e Our Buyers Gu engines. Meanwhile, the corporate struc 
Invention of the  centrifused ture also was undergoing changes. 
brake-drum utilizing fused iron CWC was re-incorporated in 1927 
alloy with steel—standard equip with net assets of 3-1/2 million dol 
ment on many cars today and lars. This was astounding growth, 
U. S. bombers used in World considering the modest $3000. start 
War II. barely 19 years earlier 
First to develop the cast cam- National Motors Casting Co. plant 
> shaft, a 1936 innovation which at South Haven was acquired in 1929. 
. . & C has ees motor serene mil- Still a subsidiary, the South Haven 
7 lions of dollars yearly. plant added 30,000 tons to CWC’s 
lwbtel aeelosey Williams oF 5) Pioneering use, in 1931, of the annual production. 
NCOePORATET electric furnace to permit con- Erection of the Centrifugal Fusing 
HICAGO DETROIT CINCINNATI ST LOUIS NEW YORK tinuous pouring of molten met- Co. plant at Lansing came in 1936. 
CLEVELAND PHILADELPHIA PITTSBURGH INDIANAPOLIS al with exact control. Motor Wheel Corp. which had been 


In observing its 50th birthday 


REFRACTOR ig. CWC can look back with pride on 


many achievements, the following of 


1958 foundry 


Established 189 6) Development of spectographic shipping steel shrouds to Muskegon 
analysis, in collaboration with for fusing with iron braking surfaces, 
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put up the structure adjacent to its 
plant with CWC furnishing and _ in- 
stalling equipment. 

( ampbell then president, had 
developed the centrifuse process o1 
iginally used on leading automobiles 
in 1931. Years later, the CWC-de- 
veloped centrifused brake drums 
were used as components for B-29 air 
craft and motorized military equip 
ment 

While numerous plant improve- 
ments and smaller plant facilities 
were added during depression years, 
the next major expansion came. in 
January, 1941. Plant No. Four, de 
signed for production of cast crank- 
shafts to be used principally in large 
diesel engines, was started. Comple 
tion came at an opportune time 
February, 1942—shortly after the 
United States became engaged in 
World War IL. 

Although the two remaining mem 
bers of the original partnership are 
no longer active, Campbell, Wyant 
and Cannon has continued its Jead- 
ership in the foundry industry by 
maintaining the high standards set 
it the beginning. 

In 1956, when control of CWC 
was acquired by Textron Inc., the 
foundry that started with $3000 had 
become a 15 million dollar business 


Proper Gating Procedures 
Improve Castings Quality 
by 7. Fo. WaLtLact 

Case Institute of Technology 

Cleveland 

@ Properly engineered gating proce 
dures can greatly improve the qual 
ity of grav iron castings. The first 
requirement is to establish a pouring 
time for the optimum quality of each 
casting based on a consideration of 
1) the fluidity of the iron (super 
heat and composition), 2) average 
or predominant thickness of the cast 
ing and 3) weight of the casting 

Secondly, a properly designed gat 
ing system will 1) provide the select 
ed pouring time and 2) permit the 
molten iron to enter the mold cavity 
without agitation, erosion, drossing or 
aspiration of gas into the metal. 

Investigators have developed hor 
izontal gating systems which mini 
mize metal and mold damage. Com 
ponents of these systems include: a 
pouring basin, a tapered sprue choked 
at the bottom, a sprue well, large 
runners and (for ferrous metals) large 
ingates in the drag. 

This system has been adapted to 
gray iron permitting control of dimen- 
sions to assure the designed pouring 
rate. 

@ Presented at the 1958 Wisconsin Regional 
Foundry Conference 


Heavy Equipment Foundry Reports: 







FASTER SET-UP 
EASIER SHAKEOUT 





of cores made with RCI COROVIT BINDER 


Big cores, like the one you see here, are commonplace 
at the Kennedy-Van Saun Manufacturing & Engineer- 
ing Corp. in Danville, Penn. “With RCI Corovit 7202 
binder”, says Mr. Harry Lynn, assistant foundry man- 
ager, “cores that required up to 36 man-hours to pro- 
duce are now finished in 12! 

“No more hand ramming is needed,” Mr. Lynn ex- 
plained, “Corovit sand is simply shovelled into the box, 
spread out by hand, then struck off. 

“In addition, Corovit-based sand mixed with RCI’s 
accelerator cures partially at room temperature. It 
hardens quickly to support itself, thereby eliminating 
up to 75% of arboring, wiring, ete. 

“Another big advantage in using Reichhold Corovit 
is easy shakeout every time. 

“At Kennedy-Van Saun”, Mr. Lynn concluded, “we 
plan to convert almost completely to this core binder, 
which gives us the most efficient, fastest method of pre- 
paring cores that we have found to date.” 


If you would like full information on using this im- 
portant new sel/-curing core binder, write to RCI for 
Corovit BULLETIN F-11-R. 


REICHHOLD CHEMICALS, INC., 
RC!t BUILDING, WHITE PLAINS, N.Y. 


REICHHOLD 


FOUNDRY PRODUCTS 


FOUNDREZ-— Synthetic Resin Binders 


COROVIT — Self-curing Binders 
coRCiment— Core Oils 


Creative Chemistry... Your Partner in Progress 
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Report on Casting Technology for Tomorrow 


Continued from page 37 Malleable Iron 
@ Here are the important conclu- 
sions disclosed in technical papers 
presented at the 62d AFS Castings 
Congress. These summaries cover 
talks relating to Malleable Iron. 
Patternmaking, Steel, Fundament- 
al Papers, Management Develop- 
ment and Plant & Plant Equip- 
ment. The July issue of MODERN 
CASTINGS will complete this Re- 
port on Technology with abstracts 
of remaining papers presented in 
Cleveland and not covered here. 


Observations on Pinhole Defects 
in White Iron Castings, K. W. 
Heine, Department of Mining and 
Metallurgy, University of Wiscon- 
sin, Madison. 

Heine concluded that major cause 
of pinhole defects in white iron 
castings is slag formation during 
cooling of molten metal. Such pin- 
holes are readily identifiable by 


carl mayer 
OVENS 


Engineered to Cost Less 


by being more Efficient, 


Much Longer! 


Our special slotted panel construction 
cuts heat losses yet is more rugged 
structurally and gives years more peak 
operating efficiency. Consult our engi- 
neers now for details on any type or 


size of industrial oven—for any purpose. 


(above) Car type mold drying oven 
installed at Centre Foundry, Wheeling, 
West Virginia. 


(left) Rack type Recirculating Gas-Oil 


Fired Core Ovens at Golden Foundry, 
Columbus, Indiana. 


Write for Bulletin 53-CM 





-carl mayer- 


20800 CENTER RIDGE ROAD CLEVELAND 1 OHIO 
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characteristic mode ot occurrence 
and are type most readily promoted 
by variable conditions of gating, 
pouring, sand and molding prac- 
tices of foundries. Aspiration, evo- 
lution and isolated pinholes are less 
likely to occur; characteristics also 
make them readily identifiable. 


Malleable Iron Microstructures 
Effect and Cause, report of AFS 
Malleable Division Controlled An- 
nealing Committee. 

The purpose of the paper is to 
set forth the basic microstructures 
commonly found in malleable iron 
metallurgy as well as some of the 
abnormal structures arising from 
known causes. The report included 
a collection of photomicrographs 
intended as guides representative 
of good normal practice. Metallur- 
gical defects which may develop 
when processing goes out of metal- 
control 
Characteristic edge structures and 


lurgical were included. 
core structures of ferritic malle- 
able iron were shown, and _ their 
variations explained. 


Salt Bath Heat Treatment vs 
Quench and Temper: Standard 
and Pearlitic Malleable, ?. W. 
Green, Erie Foundries, General 
Electric Co., Erie, Pa. 

This paper includes 1) coverage 
of the basic manufacturing meth- 
ods of standard and pearlitic mal- 
leable iron production; 2) physical 
property comparison between oil- 
quench and temper and isothermal 
salt transformation of standard and 
pearlitic malleable iron and 3) com- 
parison of microstructures, mechan- 
ical properties and hardness values 
obtained from the two heat treat- 
ing techniques. 

Green concludes that: 

1) in the oil quench and tem- 
per technique, high manganese 
pealitic materials have higher ten- 
sile and yield values than regular 
malleables for a given tempering 
temperature. 

2) For the same hardness values 
regular and pearlitic materials de- 
velop the same elongation and rel- 
atively the same tensile and yield. 

3) The higher the tempering 
temperature the softer the product 
in a straight line function. 


4) With salt bath treating, the 


acicular transformation products 
have higher tensile, yield and elon- 
gation properties than the pearlitic 
transformation products for com- 
parable hardness levels. 

5) Comparing equal hardness 
values, the acicular transformation 
products have higher ductilities 
than the oil-quenched and tem- 


pered materials. 


Annealing of Malleable tron: 
Effect of Repeated Annealing on 
Rate of Second Stage Graphiti- 
zation, |. E. Rehder, Canada Iron 
Foundries, Ltd., Montreal, Que. 
and J. E. Wilson, Canada _ Iron 
Foundries, Ltd., Toronto, Ont 

An examination is made of the 
process of elimination of pearlite 
in the annealing of black heart 
malleable iron. The study shows 
that repetition of the process re- 
sults in increased annealability o1 
ease of elimination of pearlite. 

Pearlite elimination is affected 
strongly by the thermal history of 
the material. The effect is towards 
greater annealability, and amounts 
to as much as 85 per cent on the 
first repeat. This effect is appar- 
ently independent of soaking time 
at high temperature. Hardness de- 
creases as annealing is repeated. 
The mechanism or cause of the 
effect is not known. 


Steel Scrap Specifications for Du- 
plexing Cupola White Iron, Kk. 
H. Greenlee, Auto-Specialties Mfg. 
Co., St. Joseph, Mich. 

Greenlee presents known facts 
concerning costs and metal quality 
which result from the use of im- 
proper steel melting scrap. He de- 
scribes a program instituted at his 
company said to prove the neces- 
sity of requiring rigid specifications 
for the purchase of steel melting 
scrap for cupola-electric-duplexing 
of malleable iron. 

Incoming cars of scrap are 
checked carefully for alloy contam- 
ination, quality of bundles, clean- 
liness of the car, ete. Accepted 
cars which, during unloading, are 
found to not meet specifications 
are rejected. 

Greenlee concludes as follows: 

1) Melting costs can be reduced 








in any foundry by instituting qual- 
ity specifications on all incoming 
melting scrap. 

2) Less casting scrap will be 
produced due to chemical analysis 
particularly from high residual al- 
loys contained in iron alloys which 
originated from purchased scrap. 

3) Annealing costs will be re- 
duced as a result of shorter anneal- 


ing cvcles 


Hardenability of Pearlitic Malle- 
able Iron, report of AFS Pearlitic 
Malleable Committee (6E). 

This report was prepared as a 
presentation of end-quench hard- 
enability curve data. Six foundries 
submitted castings for Jominy end- 
quench hardenability tests, from 
which the following conclusions 
were reached: 

1) Similar hardenability curves 
are produced regardless ot wheth- 
er liquid or air quenching is em- 
ployed prior to pearlitic malleable 
heat treatment. 

2) Austenitizing at 1600 F rais- 
es the hardenability curve slightly 
compared with austenitizing at 
1500 F. 

3) Hardenability curves of irons 
from foundries producing metal of 
similar chemical analysis fall in a 
remarkably narrow band. 

1) A lower hardenability curve 
was obtained for iron having a low 
percentage of manganese and sili- 
con. 

5) A higher hardenability curve 
was obtained for an iron specially 
alloyed with manganese. 

Pearlitic malleables of higher 
hardenability could be produced 
through alloying as practiced in 
steels. The engineer may use the 
curves for estimating the response 
to quenching in water or oil. 


Patternmaking 


Construction of Shell Mold Pat- 
terns and Core Boxes, VV. A. 
Wright, Woodruff & Edwards, Inc., 
Elgin, Il. 

Wright offers some primary con- 
siderations for designers in at- 
tempting to standardize shell equip- 
ment: 

1) Stabilize the material used 
to prevent growth and distortion. 

2) Use materials with the same 
coefficient of expansion in a given 
pattern or core box. 























































Digs More « « 4,500 Ibs. breakout force 
OF: ob oh 3 WY op x= e « 2,500 Ibs. carry capacity 
Delivers More ° « with power-shift 


.. than ever before! 


») 


The most important fact about this outstanding new 
machine is that it will handle more material per hour 
and at less cost per ton than any front-end loader any- 
where near its size. 

It has a carry capacity of 2,500 lbs. with a wide range 
of operating speeds, yet it goes in and out of boxcars 
with 6-ft. doors to load or unload them. 

The two-speed full-reversing power-shift transmission 
with torque converter and its power steering are big 
reasons why it can produce all-out all day without oper- 
ator fatigue. 

There are many other features that put the H-25 in a 
class by itself . . . in productivity, ease of operation and 
low maintenance. A variety of attachments, quickly 
interchangeable with the bucket, are also available to 
handle many other materials besides bulk loads. 






Now your Hough Distributor has at his disposal the 
broadest and most complete set of financing plans 
ever offered: — TIME PAYMENT LEASING 
PLANS, with or without OPTION TO PURCHASE — 
any and all kinds of financing to best fit your needs. 





THE FRANK G. HOUGH CO. 
711 Sunnyside Ave., Libertyville, lil. 


Send complete data on the outstanding new model 
H-25 ‘‘PAYLOADER"’. 

























































Name 
Your Hough Distributor is ready to show you that — 
the H-25 can dig more, carry more and deliver more bulk = — 
than you ever saw this size of machine handle before. Company 
, . ° pom Street 
Modern Materials Handling Equipment | Qi ae 
City 
THE FRANK G. HOUGH CO. Bag}: °°. 
LIBERTYVILLE, ILLINOIS 
SUBSIDIARY—INTERNATIONAL HARVESTER COMPANY 6-A-1 . 
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Tout, Zino Prados Ladle Life. 


produces cleaner metal too 


Taylor Zircon No. 717 Ramming Mix is a most effective 
lining for ladles handling various types of iron and steel. A St. Louis 
foundry uses No. 717 exclusively for receiving and pouring 
ladles in their stainless steel and high alloy operations. They call it 

the best lining material they have ever used, because: 


cleaner metal is produced 


ladle life is prolonged 


less slag build-up 


Photo shows the condition of a Tay 

lor Zircon No. 717 lining of a 500-Ib 

ladie after 80 days’ service in an 

Indiana foundry. At this plant, one ladle 

for cast iron and one for steel were lined 

with Taylor Zircon on the same day. The iron 

ladle was in service for 205 days; the steel ladle 

for 119 days... both with minor patching. Eight iron 

heats or six steel heats are melted here in a nine-hour 
day. How does this compare with your ladle lining life? 


Exclusive Agents in Canada: 
REFRACTORIES ENGINEERING AND SUPPLIES, LTD, 
Hamilton and Montreal 


say CHAS. TAYLOR SONS. 


SILLIMANITE 
4) A SUBSIDIARY OF NATIONAL LEAD COMPANY 


*tG._ US Pat OFF 


REFRACTORIES SINCE 1864 ¢ CINCINNATI ¢ OHIO « U.S.A 
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REPORT ON......... 


3) Apply a protective coating 
to all parts of patterns and core 
boxes which are threaded. This 
protects them from seizing. 

1) Keep separate cope and drag 
patterns as uniform in mass as pos- 
sible so they will expand a like 
amount at operating temperatures. 

5) Radius the external corners 
of pattern cavities, gates and run- 
ners to get a more uniform build- 
up of shell material in these areas. 

In Wright's opinion, the foundry 
industry should begin to think in 
terms of standardizing shell ma- 
chines, patterns, core boxes and 
auxiliary equipment. The shell cus- 
tomer usually must pay a premium 
for converting to a different type 
of machine when he moves his 
equipment from one foundry to an- 
other. This is a deterrent factor 
in the customer’s future decision 
regarding designing or buying shell 
mold castings. 


A Little Knowledge of Plastics, 
Robert LeMaster, R. A. Nelson Pat- 
tern Co., Milwaukee. 

Nelson believes the future of 
plastics in the foundry industry 
hinges directly on the plastic for- 
mulators’ ability to perfect new and 
better products. These new prod- 
ucts must be introduced by trained 
personnel possessing a thorough 
knowledge of their trade. They 
should treat any new product with 
a degree of pessimism to restrict 
misapplications, and a degree of op- 
timism to instill progressive think- 
ing. Plastic formulators rely on crit- 
icism of patternmakers to better 
improve their products. 


Pattern Standards for Practical 
Foundry Usage, I. A. Geary, 
Westinghouse Electric Corp., Trof- 
ford, Pa. 

Geary reports how his company 
standardizes patterns by the 
amount of castings required, relat- 
ing pattern type with activity. Five 
classes of pattern equipment are 
designated for customer use. Class 
one, low cost, is usually made for 
one or two castings and then de- 
stroyed as the castings are accept- 
ed. Class two, usually of wood, is 
built for production of 50-100 cast- 
ings during an anticipated period 
of 10 years. 
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Class three, machine-mounted 
wood pattern rigged for a specific 
molding unit and gated to foundry 
specifications, is built for 600-800 
castings. Class four pattern equip- 
ment is designated for low activity, 
long life items; usually a_hard- 
wood pattern mounted for machine 
molding and reinforced with metal. 
Class five is designed for high ac- 
tivity and long life, usually fabri- 
cated of metal. 


Gating and Risering Shell Pat- 
tern Equipment, D. C. Kidney, 
Westinghouse Air Brake €.. Wil- 
merding, Pa. 

Kidney points out some basic 
principles for improved shell mold 
gating and risering practice. He 
summarizes these as follows: 

1) Work closely with the found- 
ry in planning equipment. 

2) Make a trial run in green 
sand. 

3) Standardize as many _ items 
as possible—sprues, basins, runners 
and strainer gates. 

4) To smooth the flow of metal, 
avoid crossing over in-gates with 
the runner. 

5) Place a basin at the bottom 
of the sprue to reduce turbulence 
and aspiration. 

6) Extend runners past in-gates 
to form a by-pass to trap inclu- 
sions. 

7) Round corners on gates and 
runners with substantial radii for 
additional mold strength. 

8) Avoid excessive free drop of 
metal into gates and mold cavities. 

9) Arrange the gating system to 
permit short-pouring times. 

10) Do not crowd patterns and 
sates. Use material for gating com- 
patable with mounting plate. 


Foundries find that ELECTROMET’s magnesium-ferrosilicon is an 


Construction Hints and Wear 
Characteristics of Plastic Pat- 
terns and Core Boxes, V. E. Zang, é ; mae eee Tri . 
Unitcast Corp., Tol do Ohio 5 promoting a matrix of soft ferrite. By adjusting the analysis, it can easily be om 
“ast WOrp., co, . ee ; : es 7 the folder, 

The use of plastics in duplication be used in high-strength irons having somewhat lower ductility. “Magnesium- 
of master patterns for production Ferrosilicon 
was done to adapt to large dia- 


for Ductile 
: ; ee Cerium (0.5 or 2%) helps control unwanted residual elements which Iron.” 

phragm molding units. Previous 

patterns were constructed of hard 


bronze. It was found to be almost and technical assistance, contact your ELECTROMET representative. E ectromet 
impossible to alter these patterns — = tates i ge ee ee a Fee 
SLECTRO METALLURGICAL COMPANY, Division of Union Carbide FERRO-ALLOYS AND METALS 


- Corporation, 30 East 42nd Street, New York 17, N. Y. 


economical, convenient source of magnesium for ductile iron. When added 
to a suitable composition, the alloy gives maximum ductility by 
Magnesium-ferrosilicon is available in grades with or without cerium. 


hinder the formation of spheroidal graphite. For further information 


ei ite]. 
CARBIDE 
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castings are 
wonderful! 


What is the only way to make large metal 
parts of complex shape economically? ....... with castings! 


How can you make the most small parts at 
lowest cost—by the million, if you need to? ..... with castings! 


What is the best way to make parts with 
smooth changes of stress flow? ............ with castings! 


THESE ARE THE FACTS AGGRESSIVE 
FOUNDRYMEN ARE TELLING, individually and 
together, through their societies—in the grey 
iron, nonferrous, malleable and steel fields. 


They add one more fact: 





good design and consistent quality 
build more casting business 


The buyer of castings requires only that 
his standards for reliable service be met. 


THEORETICAL PERFECTION is needlessly 
wasteful to him... and costly to you. 


can help you make better castings=cheaper! 


3. ZYGLO 


Provides the same testing benefits for non- 
ferrous casting contro!, pilot castings, ete. 
Starts as low as $125 with new ZA-43 Zyglo 
Kit shown here. 


In scores of the best known foundries 
across the country Magnaflux Test Methods 
are now considered essential to reliable 
lowest cost casting production. If you are 
not now using them, we suggest especially 
that you investigate: 


Also eddy current instruments to control hard- 
ness, heat-treat, etc., and sort mixed alloy lots. 





When you use these M test methods— with assurance 
—you can sell more castings, to more people—for 
more uses. This, of course, means bigger markets, for 
1. STRESSCOAT you, from now on! 
The Magnaflux stress analysis tool that shows 
where high stresses occur—during your design 
or pilof runs. Shows whether stresses are 
detrimental or harmless. Leads to easy design 
correction. 


For the evidence, ask any foundry that has adopted 
the “Magnaflux Plan of Casting Control.” Or ask a 
Magnaflux Engineer to outline it to you. 


macwaraun 


MAGNAFLUX 
CORPORATION 

7352W. Lawrence Avenue 

Chicago 31, Illinois 

New York 36 © Pittsburgh 36 * Cleveland 15 
Detroit 11 * Dallas35 * Los Angeles 22 


2. MAGNAFLUX-MAGNAGLO 


Magnaflux Magnetic Particle Inspection Methods 
that show which cracks or defects are signifi- 
cant and which are within the range of safe 
acceptance and good service. Test pilot castings 
also, for best set-up! ALSO: Magnaglo automa- 
tic for volume testing. 


CORPORATION 





THE HALLMARK 
OF QUALITY IN 
NONDESTRUCTIVE 
TEST SYSTEMS 
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to suit the new molding technique. 
Good supporting framework around 
the body of the pattern proved 
desirable to avoid extensive crack- 
ing during jolting or squeezing. 

Cost was found to be one-third 
to one-half that of metal pattern 
equipment. Plastic patterns have 
eliminated the sandslinger process 
because of wear problems. Engi- 
neering modifications are easily ac- 
complished with plaster additions 
and casting resin. 


Steel 


The Effect of Vanadium on the 
High and Low Temperature Me- 
chanical Properties of a 1Cr-1Mo 
Cas? Steel, L. D. Tote and R. S. 
Zeno, Large Steam Turbine-Gener- 
ator Dept., General Electric Co., 
Schenectady, New York. 

Purpose of this study was to de- 
termine the effect of vanadium con- 
tent on the high and low temper- 
ature mechanical properties of a 
one per cent chromium, one per 
cent molybdenum cast steel. Steels 
were tested in the normalized and 
tempered condition at comparable 
hardness levels. 

The report revealed the follow- 
ing conclusions: 

lL) A significant increase in rup- 
ture strength occurred at the high- 
er parameter numbers in the range, 
(M 36,000-39, 500). 

2) Increasing the vanadium 
from 0.04 to 0.22 per cent lowered 
the rupture ductility. 

3) Tensile and yield strengths 
appeared unaffected as a result of 
increasing the vanadium content 
from 0.23 to 0.54 per cent. 

4) Increasing the vanadium con- 
tent from 0.04 to 0.22 per cent 
increased the energy and fracture 
appearance transition temperatures 
approximately 35 C (95 F) and 
19 C (66.2 F), respectively. 

5) Bainite became finer with va- 
nadium additions to 0.40 per cent, 
and became smaller with the 0.54 
per cent vanadium. 


Shell Molding for Steel Castings, 
R. H. Powell and H. F. Taylor, 
Massachusetts Institute of Technol- 
ogy, Cambridge, Mass. 

This work describes techniques 
developed which make it possible 
to adapt shell molding to the man- 
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ufacture of low-carbon and low- 
alloy steel castings regardless of 
section size. 

Surface defects generally occur- 
ring on low-carbon and low-alloy 
steel castings in shell molds can 
be eliminated by the use of chill- 
type shell molds. Such molds can 
be made with forsterite or with 
simple blends of granulated lime- 
stone and silica sand. 

Best results are obtained when 
these materials are used in compos- 
ite shell molds having a thin facing 
of fine silica sand made by a dou- 
ble investment process. 


Improving Electric Furnace Re- 
fractory Life by Special Shell 
Cooling Techniques, V. |. Howard, 
Oklahoma Steel Castings Co., Div. 
of American Steel & Pump Corp., 
Tulsa, Okla. 

This paper concerns the cool- 
ing glands and variations from 
standard design of the electric fur- 
nace cooling system for the au- 
thor’s company. Howard is con- 
vinced that shell cooling properly 
applied increases refractory life. 
During 1955, a two-ton, direct-arc, 
top-charge, acid-lined electric fur- 
nace, operating with one cooling 
gland on a six-day round-the-clock 
operation, had an average lining 
life of 331 heats, and roof-life of 
487 heats. 


Some Factors Affecting the 
Toughness of Mild Steel Cast- 
ings, H. H. Fairfield and J. A. Or- 
tiz, Los Angeles Steel Castings 
Co., Los Angeles. 

The investigation concerned the 
effects of various steelmaking op- 
erations during melting as well as 
the influence of sulfur, carbon and 
hydrogen on steel ductility. Reduc- 
tion of area is used as the meas- 
ure of toughness. Conclusions are 
as follows: 

1) Sulfur over 0.03 per cent 
causes lowered ductility. 

2) Carbon contents above 0.33 
per cent result in lower toughness 
than that found in 0.20-0.30 per 
cent carbon steel. 

3) Each ppm of hydrogen may 
lower reduction of area by 10 per 
cent. 

4) Boiling the bath improves 
metal quality. 

5) The amount of FeO in the 





Molybdenum and reliability 
go hand in hand 














Through the years, iron and steel producers have recognized molybdenum as 
an alloy giving assured results in producing higher than normal properties every 
time. ‘““Moly” is compatible with other elements which may be commonly used, 
such as nickel, chromium or vanadium. 

In high temperature alloys and corrosion resistant steels, Moly’s use has long 
proven most aeceptable. It endows steels with air hardening, increases the depth 
of hardening, is responsible for an increase in low temperature impact properties, 
and possesses ability to increase wearing qualities. 

Especially to those contemplating new heat treatment or design, molybdenum 
affords a proven usefulness in assuring desired results. MCA’s vast experience in 
the use of alloys is yours for the asking. If you have a question about molybdenum’s 
potentialities in any ferrous product, write today for the latest technical help. 


MOLYBDENUM AR 


Grant Building CORPORATION OF AMERICA Pittsburgh 19, Pa. 
Offices: Pittsburgh, Chicago, Los Angeles, New York, San Francisco 


Sales Representatives: Brumley-Donaldson Co., Los Angeles, San Francisco 
Subsidiory: Cleveland-Tungsten, Inc., Cleveland 
Plants; Washington, Pa., York, Pa. 
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ADM-FEDERAL WASHES 


FOR CORES AND MOLDS 


ca 
FOR ALL FERROUS 
AND NON-FERROUS FOUNDRIES 


a 
FOR SHELL, CO,, AIR-SET, OR 
OIL-BONDED SYSTEMS 


e 
FOR BRUSHING, DIPPING, SWABBING, 


AND SPRAYING 


is a water-soluble white powdered pure zircon 
wash with a working range of 50 to 80° Baume. 
This is a refractory type wash that resists highest 
temperatures, thus offering positive protection 
against metal penetration and burn-in. Except 
in extreme cases, it is not necessary to use 
No. 973 zircon wash in its pure state. This wash 
is completely compatible with No. 974 ceramic 
wash, and the two may be used in any combi- 
nation to achieve the desired degree of surface 
protection. No. 973 zircon wash has excellent 
suspension properties. Any drying method may 
be used without developing cracks or blisters. 


ceramic wash is a white, water soluble refractory- 


based material in powdered form, having a 
working range of 28 to 50° Baume. It offers 
excellent suspension characteristics throughout 
this wide operating range, and can be torched 
or oven dried. No. 974 can be blended in com- 
bination with No. 973 zircon wash to provide 
the desired protection at lower cost. 


SIL-PLAST is a blended plastic refractory-based 
wash for cores and moids in all types of foundries. 
Because this material is soluble in either alcohol 
or water, it is ideal for LINOIL, LIN-O-SET, 
ADCOSIL, or ADMIREZ cores and molds. In 
addition, No. 995 SIL-PLAST offers the same 
wide working range, suspension, and drying 
characteristics as No. 974 ceramic wash. For 
ease of handling and elimination of waste, it is 
packed in 125-Ib. polyethylene-lined cartons. 
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Archer - Daniels- Midland Company 
Federal Foundry Supply Division 
2191 West 110th Street « Cleveland 2, Ohio 


More information, please, on ADM-FEDERAL Wash: 
[_] No. 973 [_] No. 974 [_] No. 995 


Name 





Title__ 


Company 





Address. 





Zone____ State 
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REPORT ON 


slag before tapping has an effect 
upon reduction of area. 

6) Metal in the furnace should 
always contain FeO to assure 
against hydrogen pick-up. 

) Tapping temperature must be 
high enough to allow entrapped 
non-metallic inclusions to float to 
the top of the ladle 

8) Tapping must be done so as 
to prevent slag-metal reaction in 


the ladle 


Purchase Specifications for Com- 
monly Used Steel Foundry Mold 
and Core Sand Binders, i. G 
Vogel, Lebanon Steel Foundry 
Lebanon, Pa. 

Materials discussed are bentonite 
corn cereal flour, core oil, plastic 
core binder and cold set oil. Re- 
port covers tests involving conven 
tional sand batch properties using 
standard production sand mix for- 
mulas for core oil and liquid pheno- 
lic binder evaluations. Purpose of 
these tests is to control quality of 
sand binder purchases. Paper lists 
numerous tests employed and 
methods and equipment utilized in 
carrying out the testing program. 
Vogel comments that the liquid 
limit test for bentonite is promising 
since it is quick and may allow dis- 
continuance of other tests. 


The Effect of Some Gases on the 
Work of Adhesion Between a 
Novolak and Quartz, LD. W. G. 
White, Department of Mines and 
Technical Surveys, Ottawa, Onta- 
rio, Canada, and H. F. Tavlor, 
Massachusetts Institute of Technol- 
ogy, Cambridge, Mass. 

This work was undertaken to 
study quantitatively individual ef- 
fects of nitrogen, oxygen, water va- 
por and ammonia on bond strength 
between phenolformaldehyde resin 
and a refractory metal oxide. 

Compared with surface tension 
of the resin and work of adhesion 
in purified helium, 1) water vapor 
increases the surface tension and 
work of adhesion by about 10 per 
cent, 2) nitrogen decreases the sur- 
face tension of the resin and the 
work of adhesion by a question- 
able amount and 3) ammonia in- 
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creases the surface tension and 
adhesion by about 20-30 per cent. 

The report concludes that oxygen 
may react with a_ thermosetting 
resin in shell molds in the 2-3 min 
that the resin is hot, to an extent 
that is worth curtailing. It may not 
be practical to make shell molds 
in a controlled atmosphere, but the 
possibility of precoating sands for 
shell molds in the absence of oxy- 
gen may be commercially feasible. 


Some Remarks on the Relation- 
ship of Interface Temperature 
and Solidification, V. Paschkis 
and J. W. Hlinka, Columbia Uni- 
versity, New York 
Conclusions are presented on 
work done on pure metals (freez- 
constant 


ing at a temperature 


rather than for alloys (freezing 


over a range). Results are shown 
for iron cast in sand or chill and 
two other molds materials. Results 
are interesting because they hold 
at least qualitatively, also for steel 
and non-ferrous pure metals such 
as aluminum. The study developed 
a chart which allows determination 
of total freezing time for a large 
slab (no end effects) of any pure 
material or cast eutectic alloy, pro- 
viding conductivity of the solid 
casting is twice that of the liquid, 


Fundamental Studies on Effects 
of Solution Treatment, Iron Con- 
tent and Chilling of Sand Cast 
Aluminum-Copper Alloy, E. M. 
Passmore, M. C. Flemings and H. 
F. Taylor, Massachusetts Institute 
of Technology, Cambridge, Mass. 

It is known that chilling, togeth- 
er with control of other 
foundry variables, may be used to 
substantially raise the mechanical 
properties of aluminum alloy cast- 
ings. This present work was under- 
taken to determine if greater 
control of the solution-treating op- 
eration or of impurity content 
might be effective in substantially 
improving the properties of sand- 
cast aluminum-copper alloys. 

The investigation has shown that 
chilling affects the structure of 
such castings by 1) refining the 
size and distribution of CuAls, 2) 
refining the size and distribution 
of impurity intermetallic com- 


close 
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-.-.-OR EVEN A 
1-STATION UNIT 


Speeds production...cuts molding costs 
JEFFREY OVERHEAD SAND SYSTEM 


Here’s automation which can be profitably applied to small foundries 
as well as big ones . . . the low-cost, easy-to-install Jeffrey overhead 
sand system. Whether you have a single molding station or a dozen, 
it will speed production and reduce your molding costs. 

Sand is always available at the molding machine and it doesn’t 
have to be lifted from the floor. Molders’ time is saved, their work 
made easier when sand flows directly from overhead hoppers into 
the flasks. 

These Jeffrey overhead sand units were designed to bring big- 
foundry advantages to small foundries . . . at low cost. Built as 
package units, savings in engineering and manufacturing costs are 
passed along to you. For complete information, get in touch with 
The Jeffrey Manufacturing Company, 977 North Fourth Street, 
Columbus 16, Ohio, 
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MALLEABLE FOUNDERS’ SOCIE- titled “Malleable Machining Charac- 
TY .. . Cleveland, held their 9th teristics.” G. J. Kramer, Central 
Market Development Conference Foundry Div., GMC, spoke on “Sales 
April 9-10, Edgewater Beach Hotel, Value of Machining Data.” 
Chicago. G. T. Boli, president, North First prize in Redesign and Conve 
ern Malleable Iron Co., St. Paul, sion Contest was awarded at the Socie 
Minn., spoke on “Creative Selling—for ty’s dinner to W. T. Cole, vice-presi 
the Small Foundry”. “Creative Selling dent, Canton Malleable Iron Co., 
for the Large Foundry,” was covered Canton. Ohio. Other winners were Wayne Aluminum Foundry . . . Garden City, Mich., attracts the attention 
by J. H. Smith, gene wal manager, |. L. Flitz, Central Foundry Division, of many out-of-state buyers with an animated display at Willow Run Air- 
Central Foundry Division, CMC, Sagi- GMC; Hugh Pope, Eastern Malleable port near Detroit. Robotized foundrymen go through the motions of pouring 
naw. Mich. Iron Co., Wilmington, Del.; J. R. aluminum castings. Wayne's policy is to serve the small customer first, as 
L. R. Jenkins, Wagner Malleable Entenmann, Northern Malleable Iron generally the volume buyer has time to plan and schedule operations well 
Iron Co., Decatur, Ill., explained Co., St. Paul, Minn.; N. V. Stickney, in advance. 
“Elevated Temperature Behavior of Superior Steel & Malleable Castings 
Malleable”; W. C. Truckenmiller, Al- Co., Benton Harbor, Mich.; Neal T-bolts from forgings into pearlitic clip. Pope designed shell-molded 
bion Malleable Iron Co.. Albion. Narajoa and Tony Martin, Texas malleable iron castings. Flitz em pearlitic castings to be used for plier 
Mich., discussed new data developed Foundries, Inc., Lufkin, Texas. ployed stress analysis to design and frames—eliminating machining. Enten- 











by the Society’s research program en- Cole was successful in converting subsequently to redesign a rear spring mann redesigned a wagon hoist cross. 


OLIVER 


BAND SAW 


NEW £5 ELECTROPOLISHER 


METALLOGRAPHIC takes 35”’ under guide to 
SAMPLES saw extra large patterns 








This new Oliver is 
SIMPLICITY IN OPERATION — and 
sturdy 
INTERCHANGEABLE OT iain 
ELECTROLYTE TANK hes conten 
IMPACT and CORROSION large patterns, 
RESISTANCE jigs and fixtures 
} Has 36” diameter 
EASY TO FILL and EMPTY be eam 
CONVENIENT ELECTROLYTE and steady 
STORAGE without vibration 
at all speeds 
COMPLETE ELECTRICAL ; +l cope cor 
INSULATION } unit, and latest 
INCREASED SAMPLE AREA a Write 
GREATER ELECTROLYTE — 
CAPACITY 
VERSATILE POWER SOURCE 
D. C. RIPPLE CONTROL 


No. 1720 AB ELECTROPOLISHER S. = FIELD TESTED and APPROVED 


AVAILABLE ACCESSORIES (23 9 \®%\ S Seen Cnae om 


} / _—- : "a\ \) 
Extra Tanks e« Cooling Coils u “* (¢ yo ° bent ton 
Extensions: ANODE-CATHODE CK Hy FZ f Y ; f / 38”, 30". 
ETCHING « Ac WY Q SS! 18” sizes. 


Cathodes for Etching x3} A AD ©YS 8 Duchl APPARATUS 
Cathode Holders x : Pea = 2120 GREENWOOD ST., EVANSTON, ILLINOIS, U.S.A. OLIVER MACHINERY COMPANY 
: : - Grand Rapids 2, Mich. 
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head from a weldment to a standard 
malleable iron casting. Stickney de- 
signed a standard malleable casting 
which gave a bonus of easier installa- 
tion and adjustment. The sixth prize 
winners, Naranjo and Martin, rede- 





J. H. Smith 


signed a spring seat used in the 
wheel suspension system of a_ boat 
trailer. 

Last dav’s session included “Hou 
Customers See Us,” 
buyers gave opinions of, and attitude 


and malleable iron 
toward, the industry. Speakers were 
Howard Williams, vice president-put 
chasing, Eaton Manufacturing Co. 
Cleveland; Lawrence Miles, manage 
value analvsis, General Electric Co 
Schnectady, N. Y.; and Roger B. Huff 
man, chief engineer, Duplex Truck 
Dis Warner & Swasev Co., New 
Philadelphia, Ohio. 


GRAY IRON FOUNDERS’ SOCIETY 
, announced the annual 1958 
Design Contest bv sending nearly 
20,000 folders to a selected list of 
designers, engineers and foundrymen 
throughout the United States and 
Canada. Contest deadline is June 20, 
1958. 

Every bona fide entrant will) win 
a copy of the new Gray Iron Cast 
ings Handbook, edited by C. F. Wal 
ton, G.LF.S. technical secretary. Pri 
mary purpose of the contest is to 
give due recognition to designers and 
engineers of gray iron and ductile 
iron castings. Entries will be judged 
on 1) how the design, or redesign, 
did or could increase efficiency of | 
product; 2) cost saving; 3) potential 
commercial importance to gray iron 
industry as a whole and 4) ingenuity 
of design. 

Judges will be a group of indus 
trial foundrymen, headed by E. J. | 
Tangerman, editor, Product Engineer- | 
ing magazine. Anvone connected with 
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1904 —In this modest 
3000 sq. ft. plant, Thomas 
L. Smith, early leader of 
our company, with 10 Ster- 
ling men, began the manu- 
facture of wheelbarrows. 


Sterling is pleased to announce a change in the company 

name. Instead of Sterling Wheelbarrow Company...a familiar and 
respected name throughout the foundry industry... the firm 

will hereafter be known as 


STERLING NATIONAL INDUSTRIES, inc. 


MILWAUKEE 14, WISCONSIN, U.S.A. 


Foundrymen may have wondered why the name Sterling Wheelbarrow Company ... 
why not call it Sterling Foundry Equipment Company. Originally ...as far back as 
1904... Sterling produced wheelbarrows, exclusively. The company did an excellent 
job of designing and building wheelbarrows for “roll easy” heavy duty performance. 
This inspired demands from the trade for other Sterling equipment and paved the way 
for the well-known line of Sterling Foundry Flasks and other foundry equipment. 
Today, Sterling has a world-wide reputation for high quality, engineered-to-the-job 
design. And the extensive Sterling line of foundry equipment, including wheelbarrows, 
carts and trucks, meets a wide range of standard applications. In addition, equipment 
can be custom-built to meet special foundry requirements. 





Sterling National Industries desires to continue the Sterling policy of working for 
the welfare and progress of the foundry industry, and to produce equipment that 
meets the highest quality standards. 






1958 —The spacious Ster- 


ling plant at West Allis (a Mil- 
waukee suburb). A subsidiary, 
2 . . Sterling Foundry Specialties, 
ay a . ae > ~~ Ltd., maintains two manufac- 

Qe turing plants in England — 
Bedford and Jarrow-on-Tyne. 
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A CONTROLLED GRADE 


FOR EVERY CASTING NEED! 


SAND Scenics «deadline asec SCREEN ANALYSES 





Unground Sand 4098 4085 4060 


Ret on 20 Mesh 2.2 

Thru 20 ret on 30 38.6 12.4 5.6 
Thru 30 ret on 40 57.6 70.8 56.2 
Thru 40 ret on 50 1.4 16.3 34.8 
Thru 50 ret on 70 0.2 0.5 2.8 
Thru 70 ret on 100 0.6 
Thru 100 ret on 140 

Thru 140 ret on 200 

Thru 200 ret on 270 


Grain Fineness (AFS) 





4040 4030 4020 5040 5030 


0.6 0.4 0.4 

37.2 30.2 21.2 4.0 1.2 

52.0 55.8 51.4 34.8 30.4 

9.0 11,4 20.6 44.4 48.2 

1.0 1.8 5.2 14.4 17.8 

0.2 0.4 1.0 2.0 2.0 
0.2 0.4 0.4 


37.48 38.82 





Unground Sand 

Ret on 20 Mesh 

Thru 20 ret on 30 

Thru 30 ret on 40 

Thru 40 ret on 50 

Thru 50 ret on 70 

Thru 70 ret on 100 

Thru 100 ret on 140 ; 

Thru 140 ret on 200 k 4.0 
Thru 200 ret on 270 0.8 
Thru 270 ret on 325 0.2 


Grain Fineness (AFS) , 66.92 


7030 7020 


0.2 
2.4 





Ground Sand (Flour) 100M 


Ret on 60 Mesh 

Thru 60 ret on 100 5% 

Thru 100 ret on 140 14% 4% 
Thru 140 ret on 200 16% 6% 
Thru 200 mesh 

Thru 200 ret on 270 10% 12% 
Thru 270 ret on 325 12% 8% 
Thru 325 mesh 43% 70% 





1% QURE > 


4% 2% 





6% 2% o ‘weDRDN 


9% 11% SILICA COMPANY 


80% 85% 





FINE SHELL MOLDING SANDS 
STANDARD CASTING SANDS — BLASTING SANDS 
SILICA FLOUR — LIGHT METAL CASTING GRADES 


Wedron offers you a complete line up of casting 
sands — anything needed for every casting need ! 
This means you get the advantages of one source 
of supply for all the sand you need — sand of the 
highest quality, too. 

Now this Wedron quality stems from two 
factors. First is the naturally rounded grain sand 
of the Ottawa-Wedron district (this is held to be 


one of the purest silica sand deposits in the 
nation). Second is the modern, completely 
equipped Wedron plant, which turns out a supe- 
rior silica product and makes all grades available. 

Look to Wedron for the complete line of quality 
casting sands. 


MINES AND MILLS IN THE OTTAWA-WEDRON DISTRICT 


de) Ber 
COMPANY 


135 SOUTH LASALLE STREET, CHICAGO 3, ILLINOIS 
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the metal-working industry is eligible 
to enter the contest. 


INVESTMENT CASTING _INSTI- 
TUTE ... members will meet for 
their Annual Technical Session, June 
23-25, in Muskegon, Mich. The three- 
day session is designed for key exec- 
utives and technical staffs of member 
companies. 

Activities will include plant visita- 
tions, technical talks and_ discus- 
sions. Dr. R. A. Flinn, University of 
Mich., Ann Arbor, will speak on, 
“Pressure Poured Precision Casting in 
Graphite Molds.” The future of vac- 
uum alloys and anticipated fields of 
application will be discussed by F. S. 
Badger and W. H. Hunter., Haynes 
Stellite Co., Kokomo, Ind. 

Among other features of the meet 
ing will be a Cost Estimating Panel 
discussing, “Quoting for Profit.” The 
panel will include engineering and 
accounting personnel from Misco Pre- 
cision Co., Whitehall, Mich. 

The Institute has announced the 
iailability of the Second Edition of 
Investment Casting Engineering and 
Design Manual. The manual contains 
information on advantages and limita 
tions of the process; investment cast 
ing metallurgical specifications; spe- 
cific recommendations for designing 
including tolerances that can be ex 
pected and case studies of products 
that have been economically trans 
formed into investment castings. Cop- 
ies can be purchased directly from 
the Institute 


AMERICAN ZINC INSTITUTE ... 
announced through J. L. Kimberley, 
executive vice-president, the appoint 
ment of A. R. Cook as market de 
velopment engineer. Cook was for 
merly sales development engineer for 
Northern Aluminum Co., Ltd., Ban 
bury, Oxfordshire, England. 


MAGNESIUM ASSOCIATION 
released tonnage figures based on in- 
formation received from the Bureau of 
Census, U. S. Dept. of Commerce. A 
bright spot in figures of magnesium 
casting shipments for February was 
the increase of 13 per cent shown by 
sand castings. Total shipments were 
off four per cent against January 
shipments and were one-third under 
February, 1957. 
SUMMARY OF U.S. MAGNESIUM CASTING 

SHIPMENTS 

(Short Tons) 

Perm 
Sand Mold Anodes Dic Total 

Feb 1958 479 44 «306 “72 903 
Jan 1958 423 52 346 «=6:120—Ss«940 
Feb 1957 698 112 15 206 1331 


Despite a shorter month, increase 
in magnesium sand casting shipments 





















en 





from 23 tons to 79 tons was heart- 
ening. Permanent mold shipments and 
anode shipments held close to Jan- 


uary totals. 


NATIONAL FOUNDRY ASSOCIA- 
TION ... survey shows wood pat- 
ternmakers employed in the steel 
foundries are highest paid group of 
foundry workers. Average hourly 
earnings (straight-time, day work) is 
above $3.10. Wood patternmakers in 
gray iron and malleable shops earn 
$2.82, and non-ferrous foundries pay 
on an average, $3.05. Average hourly 
pay in 1.280 foundries, employing 
123,320 personnel, based on 26 key 
classifications, is $2.03—gray and mal- 
leable; $2.23-—steel; $2.12—non-fer 
rous N.F.A 
tailed breakdown in specific areas. 


report gives a more de- 


AMERICAN DIE CASTING INSTI- 
TUTE, INC. . . . stated 1957 was 
third best vear for die casters. Over 
all production and sales were exceed 
ed only in 1955 and 1956, according 
to their annual report. Production of 
die castings of aluminum reached a 
new high level in 1957 despite a 
precipitate drop in fourth-quarter 
production as a result of general de 
cline in the economy. 

David Laine, 


states, “the impact of increased hot 


Institute secretary, 


metal aluminum operations by cap 
tive automotive die casting facilities 
during last vear seriously handicapped 
ability of custom die casters to com 
pete for this business”. 

In 1957 die castings accounted for 
a larger share of total non-ferrous 
castings production, as in 1956. Pro 
portion of total aluminum castings 
production going to die castings for 
the vear was 49 per cent as com 
pared with 47.3 per cent in 1956 
and 43 per cent in 1955. Although 
the automotive industry continues to 
be largest single consumer for die 
castings, last vear saw greater diversi- 
fication of applications. The Institute 
states further stimulation of markets 
such as business machines, agricul 
tural equipment, photographic, scien- 
tific and optical devices, toys and 
sporting goods is indicated. 


MATERIAL HANDLING _INSTI- 
TUTE, INC... . Pittsburgh, Pa., re 
leased the Booking Index based on 
monthly orders reported by Associa 
tion of Lift Truck and Portable Eleva- 
tor Manufacturers, Caster and Floor 
Truck Mfg. Assoc., Conveyor Equip 
ment Mfg. Assoc., Industrial Truck 
Assoc., and Monorail Mfg. Assoc. Dol 
lar volume of incoming orders booked 
in February was 93.49 using 1954 as 


Continued on page 141 
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COLEMAN | 


. | turn I 4 
| into money... 





Fast, efficient production of uniformly good cores and molds is vitally 
important to foundry profits. 


When you use old, out-dated core and mold ovens the minutes and 
hours lost in costly rejects and make-overs .. . the time and effort lost 
in wasted man power, the production losi in casting scrap eat your 
profits away. Modern design and exclusive advantages of Coleman 
Ovens result in immediate production economies, reducing overall 
core department costs by as much as 50%! Such savings mean in- 
creased profits and rapid investment amortization. 


More than half a century of specialized foundry oven experience is 
your assurance that the Coleman Oven recommended to you will do 
your work to your complete satisfaction. As builders of the world’s 
only complete line of foundry ovens we have no reason to 
recommend any but the best for your purpose. Let our expe- 
rienced engineers give you practical suggestions for your particular 
requirements. 
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Coleman Car-Type Core Ovens 


THE FOUNDRY —o COMPANY 
1825 COLUMBUS ROAD CLEVELAND 13, OHIO 





WORLD'S OLDEST AND LARGEST FOUNDRY OVEN SPECIALISTS 


Circle No. 214, Page 7-8 





SS ee " 






Tower Ovens * Horizontal Conveyor Ovens } 
Car-Type Core Ovens * Car-Type Mold Ovens 

Transrack Ovens * Rolling Drawer Ovens | 
', Portable Core Ovens * Portable Mold Dryers j 








Coleman Transrack Ovens 





Coleman Dielectric Oven 







A COMPLETE RANGE OF ow 
TYPES AND SIZES... i © 

for every core baking and a} 

mold drying requirement: ' ’ 


Dielectric Core Ovens 


June 1958 


745 >eem day 
YOUR CUPOLA 


You can choose from 5 sizes when you 
specify Semet-Solvay Foundry Coke. Each 
is the best you can buy—uniform in analy- 
sis, sturdy and blocky in structure. Call your 
Semet-Solvay man today. 
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Bucyrus-Erie Co. installs — 
ARCAIR—saves time in 
Clean-up of Castings 


Bucyrus-Erie Co. has installed Arcair for 
foundry cleaning room operations at its 
Erie (Pa.) Works. 


With three conditioning booths equipped 
with Arcair torches, considerable time is 
being saved in casting clean-up — re- 
moval of riser stubs, flash, inclusions and 
defects. And operators learned the process 
easily and quickly. 

You too can save with Arcair! Basic 
simplicity — electric arc plus ordinary 
compressed air — makes Arcair the new, 
efficient, cost-cutting an- 

swer to your metal remov- 

ing problems. 


Send today for 
full information! 


' 441 S. Mt. Pleasant St., Lancaster, Ohio 
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Build an idea file for plant improvements. 
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Epoxy-alloy described in an- 
nouncement that explains new com 
position extending benefits of plastic 
tooling. Six case histories of excellent 
results in long-production runs. Used 
for low-production draw dies; opens 


new tooling market. Bakelite Co 
Circle Ne. 101, Page 7-8 


CO: shell molding .. . 
reviewed. New 


development 
process and advan- 
tages of being non-inflamable and 
non-gas forming is described. Phila 
delphia Quartz Co. 

Circle No. 102, Page 7-8 


Sponge iron melting stock ex 
plained in brochure. Advantages are 
said to be regularity of melting oper- 
ation and uniformity of steel analysis. 
Analysis is given as well as applica 
tions and benefits. Hoeganaes Sponge 


Iron Corp. 
Circle No. 103, Page 7-8 


Microstructure ... of grav iron cast 
ings illustrated in 12-p booklet show 
ing micrographs of castings with from 
31,500 to 63,000 psi. Company claims 
that, through patented ionization 
method of control, dependable gray 
iron castings are available for cus 
tomers demanding machinability, so 
lidity, economy, uniformity, depend 
ability and guaranteed mechanical 
properties. Herbert A. Reese and As 
sociates. 
Circle No. 104, Page 7-8 


Beryllium . discussed relative to 
industrial hygiene aspects of beryllium 
metal, beryllium oxide and beryllium 
alloys. Pamphlet, 13 pp, also covers 
the effect of the metal regarding in- 
gestion cuts, radiation, fire and ex- 
plosion, and air contamination control. 
Titled “Plain Talk on Beryllium” pub- 
lication also includes bibliography 
and list of beryllium characteristics. 
Beryllium Corp. 
Circle No. 105, Page 7-8 


Vibratory screen . . . catalog, 14 pp, 
lists complete data and specifications 
on pulsating-magnet screens, concen- 
tric-action screens, unbalanced-pulley 
screens, bar screens and screening 


Reader Service Cards, page 7-8 
will bring more information... 


asking 


feeders. Vibratory bulk materials han- 
dling equipment illustrated with pho- 
graphs of typical applications and in- 
stallations. Syntron Co. 

Circle No. 106, Page 7-8 


Street and highway safety ... em- 
phasized in 29-p booklet including 
many cartoons based on safe driving. 
Also contains articles and tables pre- 


senting a multitude of accident. sta- 

tistics for 1957. Learn how you can 

be as safe going to work as you are 

in the shop. Travelers Insurance Co 
Circle No. 107, Page 7-8 


Investment (lost wax) process .. . 

evaluation in monthly newsletter. Suc- 

cessful use in metalcasting analyzed 

cost versus production, tolerances. 
The Metal Castings Advisor 
Circle No. 108, Page 7-8 


Infrared lamps . . . for use in indus 
trial applications of heating, drying 
and baking are pictured in various 
applications in brochure. Gives run 
down on how infrared works, advan- 
tages, how it is used in industry, 
planning installation and determining 
power requirements. Sylvania Electric 
Products Inc. 
Circle No. 109, Page 7-8 


Electric lift truck . . . with capacity 

of 3000 lb described in bulletin. Gives 

tables of dimensions, capacity, speeds, 

details of design and construction, and 

pictures of components. Baker Indus- 

trial Trucks, Div. Otis Elevator Co. 
Circle No. 110, Page 7-8 


Reference catalog . 16-pp, gives 
complete summary of products. Al- 
phabetic listing of over 1500 products 
includes: alloys and metals; carbon 
products; chemical products; indus- 
trial gases and equipment; plastics; 
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nuclear products; and consumer prod- 
ucts. Shows sales offices by state and 
city, and trade marks. Handy guide 
in obtaining foundry needs. Union 
Carbide Corp. 

Circle No. 111, Page 7-8 


Bucket elevators . . . described and 
well illustrated with line drawings in 
35-p booklet. Recommends specific 





elevators for various materials, points 
out features, lists specifications and 
components and LCCESSOTICS Chain 
Belt C 

Circle No. 112, Page 7-8 
Copper alloy .. . containing 2 per cent 
lithium for producing dense, non 
porous castings described in brochure 
Also covers boron aluminum for grain 
refining. Continental Copper and Steel 
Industrie s. Ine m 

Circle No. 113, Page 7-8 


Wheelabrator fellowship . . . program 
explained in detail in S-p brochure 
The grant will enable the Foundry 
Educational Foundation to award 50 
fellowships of $1500 each during the 
next LO years. For more information 
about this program Circle No. 114 
on Reader Service Card, page 7-8 
Foundry Educational Foundation. 


. booklet detailing 
construction and = safety features of 
two-tone plastic ultrascopic — safety 
glasses. Manufacturer claims glasses 
to be shatter-proof, dielectric, flame 
resistant, strong and lightweight. 
American Optical Co 
Circle No. 115, Page 7-8 


Safety glasses 


Machining manual 
tains guide for machine feeds and 
speed, includes quantity-weight slide 
rule calculator, and other basic infor- 
mation. Kaiser Aluminum & Chemical 
Sales, Inc. 

Circle No. 116, Page 7-8 


22-pp, con 


Index . . . to 1957 issues of Mop- 
ERN CastiInGs available. Valuable 
cross-reference by subject, author and 
company enables reader to find ma- 
terial quickly and with a minimum of 





Allis-Chalmers Trucks with 
TRI-LIFT Masts 


STACK NEARLY '/ HIGHER 2 







YET WORK 
IN LOW HEADROOM 
yr 





Allis-Chalmers 4,000-Ib 
fork truck with Tri-Lift 
mast enters a low-head 
room truck at the load 
ing dock 


t ETN 
, a 
{ » 


Here the same truck reaches high 
for efficient yard stacking, with its 
Tri-Lift 144-in. mast. 


STORES MORE MATERIAL — Wherever there’s 


room above for stacking, an Allis-Chalmers Tri- 


only a single, standard lift cylinder — like any 
conventional mast. No complicated ratchets or 


Lift truck gives you up to 50 percent extra storage latches. This simplicity means more visibility 


through the mast. 


space at your “fork tips.”” No penalty when you 


work around low overhead obstructions, either. 


OPERATES IN ENCLOSED TRAILERS AND BOX- 
CARS — In addition to reaching up nearly one- 
half higher, an Allis-Chalmers Tri-Lift mast, 
when lowered, ducks through low doorways or 
into enclosed trailers and boxcars. 


FIND OUT MORE — Call your Allis-Chalmers 
material handling dealer, He’ll be glad to demon- 
strate the advantages of Tri-Lift mast. He'll 
help you select the ‘“‘years-ahead”’ model and ca- 
pacity truck that will best suit vour particular 
needs. You may have detailed literatuve by writing 
IT’S SIMPLE, WITH GOOD VISIBILITY — Uses direct. Allis-Chalmers, Milwaukee 1, Wisconsin. 


ALLIS-CHALMERS & 
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60 Cycle 
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‘aal-}iilate 


May We Explore the Possi- 
bilities of this New Method 
with You? 
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Associated Companies: 


AJAX-JUNKER 


A cylindrical induction coil supplied with ordinary 60 cycle current in- 
duces heat and vigorous electromagnetic stirring in the molten metal 
charge. 


Integrated electric controls regulate power, maintain high power factor 
automatically. 


Monolithic refractory linings are made by ramming against the sturdy 
water-cooled coil held in a rigid frame of magnetic and structural steel. 


This new principle was perfected in Europe over the last seven years. Over 
100 Junker furnaces are now in use. AJAX-JUNKER designs are based on 
latest experience, using American components and practices throughout. 


Outstanding results are proven in these fields: 
DUCTILE and ALLOY IRON CASTINGS 
RECOVERY OF IRON TURNINGS 
RECOVERY OF ALUMINUM SCRAP 


Available sizes range from | to 10 tons, with normal melting cycles from 
2 to 4 hours. Power ratings are 200 kw through 1500 kw. 


60 CYCLE INDUCTION MELTING 


ENGINEERING CORPORATION 


TRENTON 7, NEW JERSEY 


Ajax Electrothermic Corporation Ajax Electric Company 


Circle No. 218, Page 7-8 


effort. For your free copy circle No 
117, Reader Service Card, page 7-8. 
Color code kit . . . offered including 
materials and data necessary to design 
1 reportedly successful color coding 


system. Useful for identification of 


crates, boxes o1 produc ts “in process 
foundry materials, castings and scrap 


Crown Industrial Products Co 
Circle No. 118, Page 7-8 


Coated work gloves ... a new line, 
is presented in catalog. Neoprene, 
plastic and rubber coated gloves list- 
ed, with advantages including liquid- 
proof, acid-resistant, protection against 
solvents and abrasives, positive grip 
Riegel Textile Corp 
Circle No. 119, Page 7-8 


Machining Meehanite castings 
subject of 20-p booklet covering ma- 
chining data of various types of cast 
ings, divided according to the type 
of machine tool used. Useful as set-up 
guide. Gives details regarding feeds, 
spec ds, de pths of cut and type of tool 
Meehanite Metal Corp 
Circle No. 120, Page 7-8 


Band saw guides... 
erating manual depicts three different 


catalog and op 


types of guides in wide range of 
models and sizes plus newly devel- 
oped line of universal mounting brack- 
ets claimed to fit the guides on any 
standard band saw. Also includes nu- 
merous rules and suggestions pertinent 
to band-sawing operations in the 


foundry. Carter Products Co 
Circle Mo. 121, Page 7-8 


Refractory castables . . . reference 
booklet, 24 pp, includes table of 
proper applications for 15 specialized 
castable refractory cements. Contains 
information on anchoring castables, 
mixing and placing instructions, sug- 
gestions for pneumatic placement of 
castables and other information help- 
ful to foundrymen when lining fur- 
naces. Mexico Refractories Co. 
Circle No. 122, Page 7-8 


Salt bath furnace . . . catalog, 76 pp, 
covers heat-treating equipment infor- 
mation and presents technical data 
including austempering and martem- 
pering curves, charts showing pene- 
tration times for carburizing, heating 
rates for typical steels and other fac 





tors. Illustrates company’s line of heat 

treating furnaces and new ceramic 

tile pot furnaces with removable sub- 

merged electrodes. Ajax Electric Co. 
Circle No. 123, Page 7-8 






Stamping industry . . . uses for Strenes 
metal, a chromium-molybdenum §al- 
loyed gray iron, outlined in data file. 
Includes brochures on castings for 
automotive industry, ductile iron, met- 


al castings. Advance Foundry Co 
Circle No. 124, Page 7-8 


Centrifugal fan . . . 37-p bulletin de- 
scribes complete line of backward- 
blade fans designed for use in heat 
ing-ventilating and _ air-conditioning 
systems, power plant installations and 
industrial processes. Includes engi 
neering data, specifications, perform 
ance tables. General Blower Co 
Circle No. 125, Page 7-8 


Materials handling conveyors .. . 
illustrated in new book including 24 
case histories, 16 diagrams of con- 
veyor systems solving complete han- 
dling problems, 12 sketches illustrat- 
ing functions of conveyors and 50 
views of installations. Company claims 
book of particular interest to foundry 


production officials. Logan Co. 
Circle No. 126, Page 7-8 


free films 


@ Motion pictures and other visual 
aids based on foundry processes and 
supplies are also yours for the asking. 
These films are suggested for formal 
or informal training groups. The own- 
ers of films in this column will send 
booking request forms to MODERN 
CASTINGS readers who circle the 
appropriate number on the Reader 
Service card (page 7-8). 


Operation of a Small Jobbing Foundry 

16 mm, black and white, silent, 
60 min. Film produced to familiarize 
non-foundrymen with operations and 
necessary care used in production of 
castings. Relates amount of labor and 
skill required to produce castings. 
Chemung Foundry Corp. 

Circle No. 127, Page 7-8 


Shell Molding . . . 16 mm, black and 
white, sound, 18 min. Film covers 
wide range of shell production meth- 
ods from manual operations to huge 
multi-station machines. Also traces de- 
velopment of resin shell binders. Mon- 


santo Chemical Co. 
Circle No. 128, Page 7-8 


Safety for Sale . . . slidefilm, 73 pic- 
tures, 74 frames. Supervisor's or fore- 
man’s responsibility for plant safety 
and ways of avoiding dangerous prac- 


tices. Jam Handy Organization. 
Circle No. 129, Page 7-8 
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RECOMMEND 
THIS 





machineability. 
EMPLOYMENT 


SITUATION WANTED 


AMILY man with 30 years industry 

wide experience. Qualified in open 
hearth, electric furnace and foun- 
dry practice. Remuneration ex 
pected in keeping with performance, 
good work record. References fur. 
nished upon request. 


MANY employers regard me as 


We hope this ad will emphasize a condition currently existing in our industry. 


Due to current economic conditions abroad, imported manganese alloys are readily available. 
Significant quantities are being imported and sold at prices substantially below our domestic cost of 
production. This impairs our ability to maintain the facilities required to insure a continuing domestic 
supply of these essential alloys 


Because we believe that this problern may be of special interest to you, we invite your comments. 


oe oP i f 
(uo S-0 tO Allo y Coif Main 
Kanies luo 


MANGANESE PRODUCTS 


STANCARD FERRO MANGANESE ° MEDIUM CARBON FERRO MANGANESE ° SILICO-MANGANESE . MANGANESE SULFIDE 


EXOTHERMIC FERRO MANGANESE, HIGH CARBON AND MEDIUM CARBON ° MANGANESE BRIQUETS ° SILICO-MANGANESE BRIQUETS 








AS SHOWN 


AT 


CLEVELAND 


New Push Button 
shockless jolt 
squeeze machine. 
Produces cope 
and drag in 10 
seconds. 
Completely 
automatic. 

See it at the 
A.F.S. Show. 


These Turnover 
type Moulding 
Machines are 
doing a good 

job in foundries 
all over the 
U.S.A. and Canada. 
Automatic Timer, 
Automatic Anvil, 
Automatic Mould 
Removal. 


BRITISH MOULDING 
MACHINE CO LTD 
FAVERSHAM KENT 
ENGLAND 


Circle No. 220, Page 7-8 
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have you 


read... > MVM RPATTY 


Gitzen, J]. A., Progress in the Develop- 
ment and Utilization of Additives in 
the Foundry Industry. Delta Oil Prod 
ucts Co., Milwaukee 

Explains the use of the following 


1957, 37 pp 


as core and sand binders: sea coal, sea 
coal substitutes, linseed oil, polymer 
ized resins, pitch, rosin, western ben- 
tonite, calcium lignin, wood flour, 
plastic resins and fast drying oils. 


Frede, L., Manual for Moulders, (in 
German), 2nd ed., Verlag Julius Beltz 
Weinheim A. D. Bergstr., Germany, 
1957, 167 pp., DM 8.50 ($2.15 
Serves as a model for a training 
manual with an abundance of text 
book illustrations. Initial chapters go 
in to the physics and chemistry of 


molding 


Atlas Metallographique de  Micro- 
structures Types, Editions Techniques 
des Industries de la Fonderie, Paris 
1957. 

A portfolio of microstructure pho 
tography Serves also as an album of 
defects in metal structure 


Campbell, T., The Iron and Steel In- 
dustry. Vocational and Professional 
Monographs, Bellman, Cambridge 
Massachusetts, 1957, 40 pp. 

One of a series in the Vocational 
and Professional Monograph Series, 
used in connection with guidance ac 
tivities or counseling in the choice of 
a career. Tells of the history of the 
occupation or industry, qualifications 
for employment, training required 
methods of entry, opportunities for 
advancement, earnings, general trends 
and sources of further information. 


Barnes, R. M., Work Sampling, 2nd 
ed., Wiley, New York, 1957, 283 pp. 

An intensive application of statistics 
to time and motion study. Many 
charts, tables, and illustrated formulae 
serve as a guide for industrial engi- 
neering sampling techniques and con- 
trol of men and machines. 


Schelleng, R. D. and J. T. Eash, Ef- 
fect of Composition on the Elevated 
Temperatures Properties of Ductile 
Iron. International Nickel Research 
Laboratory, Bayonne, N. J., 1957. 
The paper presented before A.S. 
T.M. June 19, 1957 tells of the effects 
of variations in phosphorus, copper 
and molybnenum contents and heat 
treatment on the creep resistance of 
ferritic and pearlitic ductile iron at 
800 F. Also, data on tensile strength, 
stress rupture and creep properties of 


METAL CO. 


SMELTERS AND REFINERS 
SINCE 1900 





GUARANTEED Brass, Bronze and 
ALUMINUM INGOT to your specifica- 
tions IMPROVED WITH FACTOR “xX”! 


Send us a sample order! If you want to 
improve the quality of your finished 
products at no additional cost... let us 
show you what HOLMCO ingot, im- 
proved with Factor ''X'’ can mean to you! 


5223 McKISSOCK AVE., ST. LOUIS, MO. 
CHestnut 1-3820 
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SILICATES 


service 


Whatever your foundry use for sodium silicate is, 
the right one for you is found in the PQ line. This 
covers 40 products (liquids, solids, hydrated and 
anhydrous powders) , 2Na20:Si0: to Na20:3.75Si0.. 
Maintaining quality control in your operations is 
easier. Both raw materials and finished silicates are 
carefully checked so that dependable quality is 
uniform, shipment after shipment. 


PQ silicates have been made for a century. Helpful 
data on silicates and their uses are available in PQ 
bulletins. Request information on your silicate use. 


| PHILADELPHIA QUARTZ COMPANY 
1125 Public Ledger Building, Philadelphia 6, Pa. 
PQ SOLUBLE SILICATES 
9 PLANTS e¢ DISfRIBUTORS IN OVER 65 CITIES 
Circle No. 222, Page 7-8 
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nickel-copper ductile iron at temper- 
atures up to 1000 F and of 20-35 per 
cent nickel austenitic ductile iron at 
temperatures up to 1000 F and of 
20-35 per cent nickel austenitic ductile 
iron at temperatures to 1200-1400 F. 


Safety in Welding and Cutting, Amer 
ican Welding Society, New York, 
1958, 49 pp., $2. 

A revision of the AWS-ASA 7Z49 
standard. Fire statistics indicate that 
where this booklet’s precautions are 
heeded, fires do not occur. Empha- 
sis is upon personal protection: eye 
shielding, health protection through 
ventilation because of lethal fume 
formation, as well as medical con 
trol and first aid. Covers also the 
installation, operation and application 
of gas-welding, arc-welding and re 
sistance welding equipment. 


Osborne, A. K., An Encyclopedia of 
the Iron and Steel Industry, Phil- 
osophical Library, New York, 1957, 
S39. 

In one volume a concise descrip- 
tion of the materials, plant, tools and 
processes used in the industry, as 
well as im closely allied fields. The 
scope is from ore preparation to the 
finished product. All technical terms 
used in the book are defined. Al- 
though it is a reference book rather 
than textbook, the specialist will look 


to it for assistance. 


Newell, W. C., The Casting of Steel, 
Philosophical Library, New York, 
1957, $35 

Written mainly for steel founders, 
designers, engineers and metallurgical 
students. For them it is a guide to 
all technical aspects of the produc- 
tion of steel castings. Well illustrated. 


Thermal Properties of Thirteen Met- 
als, American Society for Testing Ma- 
terials, Philadelphia, 1958, 30  pp., 
Special Technical Publication No. 
227, $1.25. 

Multiple heat transfer problems now 
current in modern technology give 
need for this data book. Thermal 
properties covered are: thermal con- 
ductivity, thermal expansion, specific 
heat and density. Another important 
thermal property, thermal diffusivity, 
may be calculated from the known 
values of thermal conductivity, spe- 
cific heat and density, mentioned 
above. Among the thirteen metals, 
extensive data is supplied for two 
grades of aluminum, chromium, cop- 
per; two grades of inconel, magne- 
sium, molybnenum, monel K; and 
four grades of steel. Compiled by 
C. F. Lucks and H. W. Deem. 


A. C. Lohse 


OUARANTEED 


TN Ch 


“SEMI-STEEL’ 
SHOT» GRIT 


*155 per ton 


in 50 or 100 lb. bags 
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REPORT ON CASTING TECHNOLOGY 


Continued from page 127 


pounds, 3) reducing microporosity 
and 4) slightly reducing grain size 
Items 1) and 2) were shown to 
account for a substantial portion 
of the property improvement. at- 
tributable to chilling aluminum- 
copper castings. 

For production of high-strength, 
high - ductility aluminum - copper 
castings, iron content should be 
as low as practicable and solution 
temperature as high as possible 
without resulting in casting warp- 
age or partial melting. 


Ductile High Strength Titanium 
Castings by Induction Melting, 
J. Zotos, P. J. Ahearn and H. M. 
Green, Rodman Laboratory, Water- 
town Arsenal, Watertown, Mass. 

Melting and casting titanium and 
titanium-base alloys are difficult be- 
cause of the metal’s extreme reac- 
tivity with materials at elevated 
temperatures. Using a modified in- 
duction melting technique, titanium 
alloy scrap was remelted and proc- 
essed into castings. Metallurgical 
evaluation of the castings includ- 
ed chemical analysis, macro and 
microstructure, and _ mechanical 
properties. 

These tests indicate that scrap 
titanium can be reprocessed by 
induction melting and still exhibit 
desirable engineering characteris- 
tics, making it a useful foundry 
alloy with mechanical properties 
approaching specifications for 
forged titanium. 

The induction stirring of the 
melting furnace produces metal of 
uniform composition and tempera- 
ture. Heretofore, such conditions 
have not existed in the casting of 
titanium. 


Effect of Pressure During Solidi- 
fication on Microporosity in Alu- 
minum Alloys, S. Z. Uram, M. C. 
Flemings and H. F. Taylor, Mas- 
sachusetts Institute of Technology, 
Cambridge, Mass. 

Aluminum alloys 356 and 195 
were solidified under pressures 
varying from atmospheric (15 psi) 
to 16.7 times atmospheric (250 
psi). Pressures greater than atmos- 
pheric were found to result in a 
substantial reduction of micreporo- 
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sity in sand-cast test specimens. 
Test castings were adequately ris- 
ered, and allovs thoroughly de- 
gassed. 

The reduction in porosity effect- 
ed by — greater-than-atmospheric 
pressure during solidification was 
found to result in little improve- 
ment of mechanical properties in 
solution treated and aged test bars. 

An analysis of the test results 
indicates that the microporosity in 
the test specimens studied was 
probably caused primarily by pre- 
cipitation of minute amounts of 
gas during solidification. 


Reduction of Silica in Large Shell 
Molds, 1. H. VanVlack, R. G. 
Wells and W. B. Pierce, University 
of Michigan, Ann Arbor, Mich. 

This paper presents information 
concerning the nature and extent 
of SiO. reduction at the mold- 
metal interface. The roles of tem- 
perature, casting size, alloys and 
selected mold materials were in- 
vestigated in order to interpret the 
mechanism of the reactions. 

When high carbon contents, 
strong oxide formers, high temper- 
atures or large mold sizes are en- 
countered, SiO. will be reduced 
to SiO by iron in contact with 
quartz or silicate sand molds. 

SiO, even though it is in the 
form of a gas, does not always 
escape from the mold cavity and 
may produce a surface porosity. 
Lower temperatures permit the dis- 
sociation of SiO to SiOs. 


The Effect of Temperature and 
Atmosphere on Iron-Silica Inter- 
face Reaction, G. A. Colligan, L. 
H. VanVlack, and R. A. Flinn, Uni- 
versity of Michigan, Ann Arbor, 
Mich. 

In this investigation, compacts 
were made of pure iron and quartz 
sand and subjected to different at- 
mospheres in which the degree of 
oxidation was controlled by select- 
ing the CO./CO ratio. The speci- 
mens were examined by micro- 
scope and x-ray diffraction. 

Data indicate that the mecha- 
nism of mold attack in this system 
is as follows: Iron is oxidized at 
the mold surface, forming a sepa- 
rate, oxide liquid which wets the 


silica sand in the mold. This liq- 
uid phase penetrates into the pores 
of the mold. Silica is soluble in 
this oxide liquid to about 50 
weight per cent. Solution of the 
silica enlarges the pores in the sand. 

This enlargement permits the 
molten iron to penetrate the mold 
at low pressures although the iron 
does not wet the silica sand. Depth 
of penetration into the sand by 
the iron depends upon the length 
of time at elevated temperatures 
and the severity of oxidation. 

If the CO./CO ratio is main- 
tained at a low level, only quartz 
grains and iron are present. No 
iron silicate melt is observed and 
no penetration occurs at low pres- 
sures because the iron does not 
wet the silica. 


Solidification and Risering of 
Gray Iron Castings, ©. \i. Adams, 


Jr., M. C. Flemings and H. F. Tay- 
lor, Massachusetts Institute of 
Technology, Cambridge, Mass. 

This paper represents detailed 
conclusions of an eight-year re- 
search program on_ solidification 
and risering of gray iron castings. 

Natural reduction in volume ac- 
companying the cooling of gray 
iron is shown to depend on metal 
chemistry. Size and location of 
voids are dependent not only on 
chemistry but also on factors which 
influence the movement of the 
casting surface such as: 

1) size and shape of the casting; 

2) action of atmospheric or fer- 
rostatic pressure. 

3) characteristics of the molding 
material; 

4) size, shape, location and ther- 
mal treatment of gates and risers. 

In many cases the heterogene- 
ous expansion resulting from graph- 
ite precipitation accentuates, rath- 
er than minimizes, solidification 
shrinkage. 


Plant and Equipment 


Prevention by the Ounce, I. |. 
Dost and G. P. Ribar, Sterling 
Foundry Co., Wellington, Ohio. 
The paper relates specific pro- 
grams of preventive maintenance 
concerning electrical equipment, 
material handling and cranes, melt- 
ing equipment, fuel burning appli- 
ances and compressed air system. 
Lubrication, cleaning, and_ in- 
spection are stressed. Where there 


exists no hazard of pushing out 
seals or contaminating electrical in 
sulation or the process, the com- 
pany’ policy is to over-lubricate 
weekly in the belief that “keeping 
lube in keeps dirt out.” Blow pipes 
are used to clean electric motors 
and controllers; air moving impel- 
lers, ducts and filters; and cranes, 
motive units and machines in gen 
eral. This uncovers most of the 
locations where failures occur. 

These two preventatives lead to 
about 50 per cent automatic in- 
spection, the cornerstone of suc- 
cessful maintenance. 

Preventive program for plant 
electrical equipment centers about 
a file containing an individual card 
for every electrical item. Comple 
mentary files hold parts lists; in 
stallation, operating and adjusting 
instructions: and wiring diagrams 


Establishing An Effective Preven- 
tive Maintenance Program, \\V 
Huelsen, Caterpillar Tractor Co 
Peoria, Ill. 

Huelsen concludes that over-all 
plant efficiency is best achieved 
through proper relationship —be- 
tween maintenance and engineer- 
ing functions: 

1) The foundry manager has the 
responsibility to make sure that 
planning and production depart- 
ments get the- engineering and 
maintenance services they need. 

2) The foundry engineer should 
provide maintenance service to 
each shift and also should give the 
maintenance department the tech- 
nical assistance it needs. 

8) The general maintenance su- 
pervisor has charge of all three 
shifts in the maintenance depart- 
ment. He should see to it that 
each shift supervisor provides for 
the needs of both the preceding 
and succeeding shifts, thus assur- 
ing continuity of operation. 

4) Each shift maintenance su- 
pervisor must thoroughly under- 
stand the needs, capabilities and 
problems of the other two shifts. 
Foremen should be rotated from 
the first, to the second, to the third 
and back to the first shift. If two 
or more foremen for each shift, ro- 
tate half in one order, and half in 
the other. Shift rotation gives each 
foreman a greater perspective of 
problems involved and minimizes 


” 


“passing the buck 
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AFS 
PUBLICATIONS 


If you are a newcomer to the 

field of metalcastings, you can 
find a road to success in the knowl- 
edge available to you in the au- 
thoritative publications of the 
American Foundrymen’s Society. 

The usefulness of these books is 
not limited to the new student. 
Whatever your position in the in- 
dustry, you daily encounter prob- 
lems the answers to which are 
spelled out in one of the publica- 
tions listed below. 

Please note that two prices are 
given in this partial list of AFS 
publications: a member price and 
a non-member price. 


PRICE IN BOLD IS FOR 
AFS MEMBERS 


FERROUS PRACTICE 


ALLOY CAST IRONS HANDBOOK 

$2.75 or $4.50 
THE CUPOLA AND ITS 
OPERATION 

6.00 or 9.50 
ENGINEERING PROPERTIES OF 
CAST IRON 

2.25 or 3.50 
RECOMMENDED NAMES FOR 
GATES AND RISERS 

0.25 or 0.40 
ANNOTATED BIBLIOGRAPHY OF 
CUPOLA OPERATIONS 

2.00 or 4.00 
GRAPHITE CLASSIFICATION 
CHART (25 x 38 in.) 

1.25 or 1.75 
RECOMMENDED NAMES FOR 
GATES AND RISERS (17 x 28-in. 
chart) 

0.25 or 0.40 


Research Reports 


RISERING OF GRAY IRON 

CASTINGS—REPORT NO. 2 
1.00 or 2.00 

RISERING OF GRAY IRON 

CASTINGS—REPORT NO. 4 
0.35 or 0.55 

RISERING OF GRAY IRON 

CASTINGS—REPORT NO. 5 
0.35 or 0.55 

STEEL SANDS AT ELEVATED 

TEMPERATURES (Twelfth) 
0.40 or 0.60 


NON-FERROUS PRACTICE 
CAST BRONZE A.S.M. 





modern castings 


FOUNDRY FACTS NOTEBOOK 


FUNDAMENTALS OF MOLDING 


by A. D. Barnczax 
Superior Foundry, Inc 
Cleveland 


Castings are produced by pour- 

ing molten metal into refractory 
molds and allowing the metal to 
solidify. Fundamentally, a mold is 
made by shaping a suitable plastic 
material into the desired form so 
that when a liquid metal is intro- 
duced into the cavity, the solidified 
metal will retain the shape of the 
mold cavity and can be separated 
from the material of which the 
mold is formed. 

The molder’s ability to make a 
mold is the basic skill of the found- 
ry. He must know how to prepare 
molds with the following charac- 
teristics: 

1) Strong enough in construc- 
tion to sustain the weight of 
the metal. 

Made of materials refractory 

enough to withstand high tem- 

peratures of the metal and 
cleanly strip away from the 
casting after cooling. 

Made of materials with a low 

gas content. 

4) So constructed that any gases 
formed can pass away through 
the body of the mold itself 
rather than penetrate metal. 

) Adequate resistance to the 

cutting action of the rapidly 

moving metal during pouring. 

Collapsible enough to permit 

the casting to contract in nor- 

mal amounts after solidifying. 

The refractory material normally 
used by commercial foundries is 
silica sand bonded by nature with 
natural clay and known as a natu- 
ral molding sand; or bonded with 
highly concentrated clays through 
the use of sand mixers and termed 
synthetic molding sand. 


to 
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Molding Tools 


Flasks are boxes of wood or met- 
al in which the mold is made. The 
sections of a completed mold are 
known as: 1) cope, or top section. 
2) drag, or bottom section 3) cheek, 
or middle section, when more than 











Founpry Facrs Noresook is designed to bring you practical down- 
to-earth information about a variety of basic foundry operations. As 
the name implies, this page is prepared for easy removal and insertion 
into a notebook for handy future reference.—Editor 











Facing sand is used to produce a smooth casting surface. 


two sections are required. 

The basic tools used by the 
molder may be described as fol- 
lows: 

The RIDDLE is used for sifting 
the sand over the surfaces of the 
pattern when starting a mold. 

RAMMERS, used for tamping 
the sand around the pattern in the 
flask, are for the heavier class of 
casting made of iron, although 
sometimes they have a wooden 
handle with a cast-iron butt on one 
end and a cast-iron peen on the 
other. 

The STRIKE is used to scrape 
the extra sand from the top of the 
cope or drag and also for leveling 
the loose sand placed on the bot- 
tom of the larger drags before posi- 
tioning the bottom-board. 

CLAMPS are used for holding 
together the cope and drag of the 
completed mold or for clamping 
together the mold-board and the 
bottom-board on either side of the 


drag when the latter is rolled over. 

The BELLOWS is used to blow 
parting sand from the pattern and 
also blow loose sand and dirt from 
the mold cavity. 

GAGGERS or HOOKS are L or 
S shaped pieces of wrought or cast- 
iron or steel. They are used to hold 
up deep projections of sand which, 
if unsupported, would fall of their 
own weight. 

TROWELS are of many differ- 
ent styles and sizes to suit the 
individual taste of the molder and 
the particular requirements of the 
job. The trowel is used for making 
the joints and for finishing, smooth- 
ing and slicking the flat surfaces 
of the mold. 

VENT-WIRES are steel wires, 
slightly enlarged at one end and 
having a handle on the other. They 
are used to perforate the mold to 
permit easy escape of gases when 
the casting is poured. 


A BOSH or SWAB is made of 
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FUNDAMENTALS OF MOLDING 








Molding floor with most of the basic tools of the molder in use. 


hemp, tasseled to a point at one 
end and bound with twine at the 
other to hold it together. It is used 
fer placing a small amount of water 
on the sand around the edge of 
the pattern before the pattern is 
rapped for drawing from the mold. 

DRAW SCREWS are eye-bolts 
threaded on one end. They are 
used for drawing large wooden pat- 
terns from the sand by screwing 
into holes left for that purpose in 
the pattern. 

The GATE CUTTER is a piece 
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of sheet brass bent to a semi-circle 
on one edge. It is used to cut 
the ingate in the drag leading from 
the hole left by the sprue-stick to 
the mold. 

There are also many auxiliary 
tools such as: LIFTERS, SLICK- 
ERS, DOUBLE ENDERS, and 
CALIPERS. 


Molding Materials 


The basic materials which a 
molder must handle are few. There 
are an infinite number of varia- 





tions but the fundamentals of their 
use are the same. 

Normally, two types of sand are 
used in the foundry, referred to 
as dry sand and green sand. The 
fundamental difference is _ that 
green-sand molds are poured any 
time after making without further 
conditioning, while dry-sand molds 
are baked in an oven or dried with 
a torch. When a torch is used the 
molds are termed “skin dried”. 

In many cases green-sand molds 
have been found essential for mak- 
ing castings of intricate design in 
great quantities. The resistance of 
dry-sand molds and cores to the 
solid contraction of the metal fre- 
quently prohibits their use where 
light and intricate castings are pro- 
duced. Green sand gives less re- 
sistance to the normal contraction 
of the casting than does dry sand, 
and consequently severe strains 
which cause hot tears or cracks 
are often avoided. 

Facing nails are used (1) to re- 
inforce mold surfaces and prevent 
erosion of the mold face, (2) to 
mechanically lock the sand on the 
face with the sand behind it and 
(3) to act as a means of slightly 
accelerating solidification at in- 
ternal corners of the casting. 

Chaplets are metal supports used 
to hold a core in place in the 
mold when core prints are inade- 
quate. 

Internal chills are used to accel- 
erate solidification of molten metal 
in certain heavy sections of cast- 
ings to promote directional soidi- 
fication. 

External chills are metal parts 
shaped to fit the surface of certain 
sections of castings and serve to 
promote solidification by rapidly 
extracting heat from the metal. 

Flasks must be sufficiently rigid 
so that distortion does not occur 
during ramming or handling and 
so that they will resist the pressure 
of the metal during casting. The 
pin fittings and pins should be con- 
tinually checked for wear to avoid 
mismatched, or shifted molds. The 
use of steel flasks is preferred; how- 
ever, many foundries employ suc- 
cessfully wooden snap and slip 
flasks, metal pop-off flasks with cast 
iron jackets and wooden snap 


flasks with bands. 


$6.00 for members and non-mem- 
bers 
COPPER-BASE ALLOYS 
FOUNDRY PRACTICE 

3.75 or 5.75 
DESIGN OF DIE CASTINGS 

5.25 or 8.00 
MODIFICATIONS IN VERTICAL- 
GATING PRINCIPLES 
0.50 or 0.75 


Research Reports 


MELT QUALITY AND PRESSURE 
TIGHTNESS OF COPPER-BASE 
ALLOYS 

1.00 or 1.50 
PRINCIPLES OF GATING AS 
APPLIED TO SPRUE-BASE 
DESIGN 

0.50 or 0.75 
PRINCIPLES APPLICABLE TO 
VERTICAL GATING 

0.50 or 0.75 
THE STUDY OF VERTICAL 
GATING 

0.50 or 0.75 


GENERAL INTEREST 


ANALYSIS OF CASTING DEFECTS 
$1.50 or $2.75 

BIBLIOGRAPHY OF 

CENTRIFUGAL CASTING 
1.50 or 2.25 

CAST METALS HANDBOOK 
7.00 or 10.00 

DEVELOPMENT OF METAL 

CASTINGS INDUSTRY 
3.00 or 6.00 

FOUNDRY CORE PRACTICE 
6.50 or 10.00 

FOUNDRY SAND HANDBOOK 
3.50 or 5.25 

GLOSSARY OF FOUNDRY TERMS 
0.75 or 1.25 

PERMANENT MOLD CASTINGS 

BIBLIOGRAPHY 
1.50 or 2.25 

PROCESSING MOLDING SANDS 
1.50 or 2.25 


PRICE IN BOLD IS FOR 
AFS MEMBERS 


To send in your order, remove 
this column from Foundry Facts 
Notebook, circle the price of 
items wanted, and mail to the 
Editor, Modern Castings, Golf & 
Wolf Rds., Des Plaines, Ill. 


Send to: 

Company —__ 
Street __ 
City nie 
State — 
(-] Check enclosed [] Send Bill 


























foundry trade news 


Continued from page 131 


an index of 100. Figures also indi 
cate February bookings represent 
12.5 per cent of total bookings re 
ported in 1957 and 15.55 per cent 
of same month in 1954, (the base 
statistical year). 

“The chance for a Spring upturn 
in materials handling industry now 
ippears brighter than it has in the 
past two months,” according to R. L. 
Fairbanks, president of the Institute 
and vice president ot fowmotor 
Corp., Cleveland. 

Several industry leaders point out 
this slight upturn is an_ indication 
that falling business conditions in this 
industry have leveled off and dollar 
volume of orders for first quarter of 
1958 is expected to hold about the 
same as final quarter of 1957, with 
steady increases during the second 
and — third quarters 


Birdsboro Steel Foundry .. . Phila 
delphia, recorded record sales and 
earnings in 1957 and is expecting 
further increases in sales and income 
this vear. Their cost reduction is 
being increased through continued 
mechanization. 
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Harbison-Walker Refractories 
Co. . . Pittsburgh, Pa., an- 
nounced the addition of a new 
basic refractories plant at Ham- 
mond, Ind., which will manufac- 
ture high alumina brick, super- 
duty silica brick and basic brick. 
The new building is designed to 
give natural illumination and is 
equipped with all facilities for 
the manufacture of refractories 
in small tonnage lots, including 
all steps of crushing, grinding, 
sizing, blending, forming, drying 
and firing. This site was chosen 
because of proximity to raw 
materials and the expanding 
Chicago and Midwest market 
areas. One of the newer devel- 
opments in operation encloses 
individual bricks in a welded 
steel case. 








This intricate one piece core was made in 15 
seconds with COz—a feat virtually impossible 
by any other method. That’s another example 
of what COe2 can do for you! 


The COe2 process insures accuracy and dimen- 
sional stability. At the same time, it saves 
money by reducing labor costs and by elimina- 


ting the risks involved in baking and handling. : 


Write for our free report on other applications 





of the COe2 process. Our engineering staff is 
always ready to work with you. 


Liquip & 
CARBONIC 


DIVISION OF GENERAL DYNAMICS CORPORATION 
Chicago 23, Illinois 





LIQUID CARBONIC 


DIVISION OF GENERAL DYNAMICS CORPORATION 
3166 South Kedzie Ave., Chicago 23, Illinois 


Please send me a full report on core and mold making 


for upper gear housing of outboard motor. 


in 15 seconds 





—__ Title. 




















Zone—____State 
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CASTINGS TO KEEP TRAFFIC MOVING SMOOTHLY -— Giant castings, such as these used in highway tunnels, are 
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another example of how the foundry industry contributes to progress. 


TRULINE BINDER ENDS 
FOUNDRY TRAFFIC JAMS 


Foundries can’t afford traffic jams. That’s where 
Truline comes in—helping to keep castings 
moving on schedule and preventing oven bottle- 
necks. 

In the core room, in the oven, in the cleaning 
room, Truline Binder avoids delays every step 
of the way. For example, Truline’s quick bake 


often makes it possible for one oven to do the 
work of two. Cores bonded with Truline col- 
lapse readily; are easily removed by hydroblast 
or knockout. 

To learn more about how Truline can help 
keep your foundry on schedule, write for full 


information. 


Naval Stores Department 


HERCULES HERCULES POWDER. COMPANY 





900 Market Street, Wilmington 99, Delaware Peas 
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@ By way of introduction, it should 
be mentioned that the data to be 
presented are based largely on ex- 
periences in the Investment Casting 
Foundry, General Electric Co., a cap- 
tive operation producing castings on 
a limited production basis. Melting 
equipment used for this work in- 
cluded a 8-1/2 lb and 10 |b indirect 
carbon are furnace and a 100 KW in- 
duction melting unit with furnaces of 
50-Ib, 100-Ib and 200-Ib capacity 

With the are furnace, pressures up 
to 30 psi can he ipplied on the melt 
during pow This unique feature 
gives a better chance for success in 
filling out very thin sectioned cast 
ings than would be possible in a 
gravity-pour induction heat. Fill prob 
lems can sometimes be eliminated in 
induction heats by use of a vacuum 
pouring stand. 

One of the most serious disadvant 
iges of the are pot is the limited 
capacity Although vields are high 
because pouring is done under pres- 
sure, 5 or 6 lb of castings are the max 
imum that could be expected from a 
10-Ib unit. With induction melting 
there are practically no weight limits. 

The are pot also has some limita 
tions from the alloy standpoint. Car 
bon pick-up is a problem in low 
carbon alloys. However, since it is 
possible to use a_ protective atmos 
phere during melt down and_ pour, 
the arc pot gives excellent results, 
surfacewise, with alloys containing 
high titanium and aluminum 


Cost 


\ 100 KW induction unit, on a 
production basis, is capable of melt- 
ing about 1200 lb of metal per day. 
To pour a heat of investment molds, 
a five-man pouring crew is used. How 
ever, four of these men perform other 
assignments between pours requiring 
about 50 per cent of their time. This 
gives about 400 Ib per man per day. 
One man can operate two 10-lb are 
furnaces and can pour about forty 10- 
Ib heats per day. So labor time for 
melting is practically the same. How- 
ever, since induction melting has no 
weight restriction, fewer molds can be 
processed with more castings per 
mold. With carbon arc melting all 
heats are made from remelt stock. 
With induction melting, foundry re- 
turns can be remelted with consider- 
able savings in material costs. 

Installation, maintenance and _re- 
pair costs are much lower for are fur- 
naces than for induction units. 

Close control of melting practice is 
a must to meet some of the properties 











by L. J. DiNuzzo 


General Electric Co > a 
> 

Schenectady, N.Y ’ 
s 


now being written into specifications. 
Since the are furnace uses remelt 
stock, casting composition depends to 
a degree on the charge. However, 
hecause of overheating tendency and 
poor temperature control in small 
heats, there will probably be a devia- 
tion in composition from melt to melt, 
although the same mastet heat is used. 


Melt Control 


Where close contro] ot composition 
is important, the 100-lb or 200-lb 
induction heat has a decided advan 
tage over the 10-lb are pot heat. Be 
cause of heat size, an analysis for each 
heat can be justified. 

Grain size control is also a problem 
in arc melting. The best way to con- 
trol grain size in a given alloy is by 
control of pouring temperature. In in 
duction melting practice, use of im 
mersion thermocouples permit good 


With the are furnace, optical o1 
pyrometer readings may be in error 
because of the time interval between 
the reading and pour or because of 
oxide or slag blankets on the melt. 

Induction melting also provides the 
investment caster an opportunity to 
diversify his activities since it can 
be used for new processes such as 
Glascast, Investment X, shell molding, 
Shaw Process, etc. with a minimum 
of investment for equipment. Of these 
new techniques and processes, the 
only one that can be used with the 
are furnace is Glascast. 

The investment caster who pours 
100-Ib and 200-lb induction melted 
heats has the following advantages 
to offer the buyer interested in high 
quality high-alloy castings: 

1) Close chemical control — also, 
his analyses are the chemistry 
of the casting, not of the charge. 
Close temperature control and 
therefore grain size control. 

3) Close control over gas content, 
especially oxygen and nitrogen. 

4) Control over melt history, i.e., 

materials used, amount of super- 
heat, order of melting, etc. 

5) Control over deoxidation. 

@ Condensed from a talk presented at the 5th 


Annual Meeting of the Investment Casting In- 
Stitute 








The accompanying chart is tangible evidence of 
PROGRESS. It shows that, in nine years’ time, FEF 
d has stimulated enough interest among engineering 
colleges to increase the value of teaching facilities — 
foundry laboratories — over $1,296,700. 


It’s up to you... foundrymen, foundry equipment 
manufacturers, foundry suppliers . . . to keep this 
progress going. 


FOUNDRY LABORATORIES - VALUE OF FACILITIES 


SSR E Melero 1947 


Yaa $2,446,250 1956 


To determine your stakes in this worthwhile effort, 
write for booklet ‘“Let’s Look Ahead”’. 


You'll be glad you did. 


Foundry Educational Foundation 


1138 TERMINAL TOWER BUILDING e CLEVELAND 13, OHIO 
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A FLUX FOR EVERY NEED! 


SUPERFLUX—tops for conventional cupola operation 


SUPERFLUX D—a money saver for basic cupolas and other large users; 


extremely low in silica. 


LADLE FLUX—for ductile iron makers; takes the fight out of magnesium 


sulphide; granular. 


SUPERFLUX 


Briquetted Cupola Flux 






SUPERFLUX MFG. CO. 


16125 Cleophus Pkwy. Allen Park, Michigan 


Sales Agents 
MILLER AND COMPANY Chicago Cincinnati St. Louis 


HICKMAN WILLIAMS & CO. Philadelphia New York Cleveland Pitsburgh 
CANADIAN HANSON & VAN WINKLE CO. LTD. Toronto Windsor 
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CHILL NAILS ana SPIDERS 


Choose any style chill nail from jumbo to stubby; 
slim, medium, or horse nail blade; blunt, pointed, 
straight or 90° bent. Some types available in Stain. 
less, Brass, Aluminum; Copper coated to order. Spider 
Chills, jumbo or horse nail legs—double or single 
Available in various sizes and types; also made to 
your individual specifications. 


Write for detailed descriptions and prices 


= WWW? 
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here's how ... 


. Cooper Alloy Corp., Hillside, N. J., 
produces valves from extra-low car- 
bon 18-8 stainless steel with higher 
mechanical properties than required 
by specifications for cast or forged 
materials. Valve is used in pressut 
ized water system in an AEC reactor 


at 2500 psi and 670 F. To eliminate 





centerline shrinkage, the design in 
corporates a tapered rather than a 
uniform section. In the tapered sec 
tion, the metal in the thinnest section 
freezes first. The last metal to freeze 
is the thick section at the riser. 


Haynes Stellite Co., Kokomo, 
Ind., produces a turbine wheel with 
0.040-in. thick vanes that need no 





machining. Wheel is made by invest 
ment casting in Haynes Stellite alloy 
No. 31. Wheel operates at 1450 F 
and 42,000 rpm in turposupercharger 
made by Schwitzer-Cummins Co. 


. Central Foundry Division, GM, 
casts a gear that replaces a forged 
part and eliminates a heat treating 





operation. Gears for power train of 
diesel engines are cast in newly de- 
veloped 88M ArmaSteel, a_ pearlitic 
malleable iron. 


USE 
NOMAD EQUIPMENT 
and COMPETE ! 





LET YOUR EQUIPMENT 
DO THE WORK! 


There is a sturdy, “just-right” piece 
of NOMAD EQUIPMENT fo 
every problem situation. As shown 
above, pallets eight feet long carry 
six molds each and ride smoothly, 
without vibration on Nomad Double 
Level Track Conveyors. This foun- 
dry eliminated back-breaking, time- 
consuming running out and laying 
down molds. They were able to 
boost production, get greater effi- 
ciency throughout the plant and save 
on manpower, too. 





FAST DUMPING and 
EFFORTLESS OPERATION! 


NOMAD ’s two types of Mold 
Dumps are simply designed and 
sturdily constructed to handle a wide 
range of mold sizes. The stationary 
type serves a single mold line and 
the movable dump rides on transfer 
track to serve several lines. In either 
case, one man can handle the dump- 
ing for the entire foundry! 


Savings are built into every in- 
stallation. Let NOMAD help you 
compete. 


WRITE 
TODAY! 






NOMAD EQUIPMENT DIVISION 


ESTOVER CORPORATION 
3110 W. FOND DU LAC AVE. 
MILWAUKEE 10, WIS. 
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For Sale, Help Wanted, Personals, Engineering Service, etc., set solid 
. . 25¢ per word, 30 words ($7.50) minimum, prepaid. 


Positions Wanted . . 10c per word, 30 words ($3.00) minimum, prepaid. Box 
number, care of Modern Castings, counts as 10 additional words. 


Display Classified . . Based on per-column width, per inch . 


1-time, $18.00; 


6-time, $16.50 per insertion; 12-time, $15.00 per insertion; prepaid. 








WESTOVER CORPORATION 
Consultants 
Exclusively serving the foundry 
industry since 1930 
Mechanization 
Labor Relatior 
Cost and Production Control 
Plant Layout-—-Management 
3110 W. Fond du Lac Ave., 
Milwaukee 10, Wisconsin 


Modernization 
Incentives System 











FOUNDRY ALLOYS SALESMAN to contact 
iron and steel foundry to sell ferro-alloys in 
Midwest. Salary. Furnished resumé including 
age, education and experience. Box E-22, MOD- 
ERN CASTINGS, Golf and Wolf Roads, Des 
Plaines, Ill. 


FOUNDRY METALLURGICAL ENGINEER 


Wanted Foundry Metallurgical Engineer for 
non-ferre foundry. Must have experience on 
problen of ating, isering, pouring, sands 


ore B.S Dexree in Engineering re- 





quired. Must have minimum of five years ex- 


perience Awe -4 Excellent opportunity for 
capable and energetic man. Salary open. Please 
reply stating yo personal data, qualifications, 
experience, salary expected and availability in 
first lette All inquiries will be held in strict 


confidence AMPCO 
METAL, INC., Personnel Department, 1745 
South 38th Street, Milwaukee 46, Wisconsin. 


Direct correspondence to 





FOUNDRY METALLURGIST Experienced in 
gating of intricate castings, control of electric 
furnace melting, production and heat treating 
of high alloy irons. Excellent opportunity for 
advancement in modern Middle Atlantic found- 
ry. Complete resumé required. Box E-32, 
MODERN CASTINGS, Golf and Wolf Roads, 
Des Plaines, Il’. 


TECHNICAL FOUNDRYMAN Wide metal- 
lurgical experience, quality controls of cupola 
productio casting physicals, molding sands, 
ave 47, salary open, will relocate. Box E-31, 
MODERN CASTINGS, Golf and Wolf Roads, 
Des Plaines, Il. 


LABORATORY SPECIALIST — Experienced 
in shop sand control and experimental evalu- 
ation of sand programs. Supervised labor and 
sand operations. Laboratory testin ay iror 
and steel, Technical background and found 

apprenticeship. Will relocate. Salary open 
Box E-30, MODERN CASTINGS, Golf and 
Wolf Roads, Des Plaines, I. 


SUPERINTENDENT OR MANAGER Young 


oundryman thoroughly versed in all ray 
iron operation Devree in Metallurgical En- 
vineering Interested ir esponsible position 


with opportunity. Box No. E-23, MODERN 
CASTINGS, Golf and Wolf Roads, Des Plaines, 
Il. 


FOUNDRY METALLURGIST, BS in Metal- 
lurwical Engineerir 1953, years experience 
seeks position wlth greater responsibilities in 
medium-sized gray iron foundry Experience 
nelude easting development, cupola practice, 
sand control, and heat treating Box E-20, 


MODERN CASTINGS, Golf and Wolf Roads, 
Des Plaines, Ill. 





TECHNICAL ASSISTANT 
Widespread organization of interna- 
tional reputation seeks competent, 
metallurgically trained man experienced 
in cast metals and general engineering 
for responsible position as Technical 
Assistant. Will be charged with devel- 
opment of research projects, coordina- 
tion of broad technical program and 
engineers and_ tech- 
nicians. Progressive organization, eX- 
cellent opportunity advancement. Some 
travel. Write full details, personal back- 
ground and qualifications, compensa- 
tion required. Replies confidential. Box 
E-14, MODERN CASTINGS, Golf and 
Wolf Roads, Des Plaines, Ill. 


relations with 














FOUNDRY METALLURGIST 


A Foundry Research Metallurgist with a minimum of a B.S. degree and 5 years of experi- 
ence in foundry operations plus an excellent knowledge of the fundamentals of metal cast- 
ings is required for a challenging and creative research assignment. Clear analytical thinking 
and articulate writing ability is an essential requisite for this position. 

Located in the Chicago metropolitan area, we offer a generous relocation allowance, ex- 
cellent employee benefits in addition to an outstanding opportunity for advanced educational 
training and professional recognition. Salary commensurate with experience. All replies will 


be treated as confidential. Please send complete resume to: 


A. J. Paneral 
ARMOUR RESEARCH FOUNDATION 
of Illinois Institute of Technology 
10 West 35th St., Chicago 16, Illinois 















ACTIONS OF AFS. Arrangements to sell 
bound volumes of TRANSACTIONS of AFS, 
intact and in good condition, may be made 
through AFS Headquarters. Those who have 
no further use for any volumes of TRANS- 
ACTIONS on their bookshelves are requested 
to communicate with the Book Department, 
American Foundrymen’s Society, Golf and Wolf 
Roads, Des Plaines, Illinois. 





TRANSACTIONS AFS back volumes and 
ets—-wanted to buy for cash, also other 
scientific and technical Journals A.S.F. 
ASHLEY, 27 E. 21st Street, New York 10, 
N.Y. 
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Motorized or 
Hand Operated 


Engineering skill at its highest! COM- 
PRESSION-TENSILE-TRANSVERSE and 


SHEAR testing combined in one port- 


7 different gauges available—all in- 
terchangeable! Capacities from 250 up 
to 10,000 Ibs. Dillon Universal Tester 
handles rounds, flats or special shapes 
and—for split accuracy—is calibrated 


W.C. DILLON & CO., inc. 


14600AC Keswick St., Van Nuys 42, Calif. ind M 





THERMEX TUNNEL HIGH FREQUENCY 
drying unit manufactured by the Girdler Cor- 
poration, Louisville, Ky. Model GOCA for op- 
eration on 440 volt, 3-phase power. Auto- 
transformer available for operating at 220 
volts. Machine has had little usage and is 
suitable for drying molds. Address: BURGESS 
CELLULOSE CO., FREEPORT ILL. 


ELECTRIC ARC FURNACE FOR SALE 
{'wo-—-2000 ib side-charge furnaces complete 
vith transformers, extra tops and electrodes. 
Low price for quick sale. FRED H. WUETIG, 
7445 South Chicago Ave., Chicago 19, Illinois. 
HYde Park 8-7470. 
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SUPERMI 


e Cuts mixing time 50% 

e Minimizes air hardening 
¢ No heating 

e No crushing 

e No balling 


e Mixes all binders 





BETTER CORES FOR LESS MONEY 





Write today for complete details 


UNITED STATES FORGE AND FOUNDRY CO. 


Pulaski, New York 
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More sand drying capacity in less sp 





















































COMMON-SENSE DESIGN of Link-Belt Roto-Louvre dryers 
assures effective heat transfer. Compact machine has largest 
volume of air penetrating thin bed of sand near feed end, 
where greatest evaporation takes place. Gradual heat transfer 
from gentle rolling action over slowly revolving louvres elim- 











Dry, cool core sand from 
LINK-BELT Roto-Louvre dryer 
blends readily with core oil 


a Y dried and cooled core sand di- 
rectly affects your core production capacity. 
That’s why it will pay you to investigate the 
many advantages offered by Link-Belt Roto- 
Louvre dryers for increasing output—reduc- 
ing costs. 

Roto-Louvre’s exclusive design controls 
temperatures throughout the entire drying 
cycle—exposes each grain of sand to exactly 
identical conditions. Uniform drying reduces 
retention time—permits you to dry more 
sand. Free-flowing sand is delivered suffi- 
ciently cool to mix with core oil without need 
for coolers. In addition, Roto-Louvre needs 
less than half the space required by other 
dryer-coolers. 

Get all the facts from 
your nearby Link-Belt 
office. Or write for your 
copy of Book 2423 on 
Foundry Equipment... 
or Book 2511 featuring 
Roto-Louvre Dryers. 








HANDLING AND SAND 
PREPARATION MACHINERY 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To Serve Industry There Are Link-Belt Pl 
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inates spotty over- and under-drying. Sand is discharged at 
120 to 135 F, containing a maximum of 0.5% moisture. In 
installations where temperatures as low as 100 F are required, 
a combination dryer-cooler can be furnished. Link-Belt builds 
eight sizes of Roto-Louvre dryers—1l to 60 tph capacities. 





DRYING UP TO 35 TPH OF SAND, a large midwest foundry 
installed this Link-Belt Roto-Louvre dryer to provide addi- 
tional sand capacity for increased production demands. In 
addition to low-cost efficiency, Roto-Louvre dryers minimize 
maintenance. Slow speed and the fact that sand rolls over 
itself, instead of sliding on metal parts, reduces wear. 
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ants and Sales Offices in All Principal 


Cities. Export Office, New York 7; Canada, Scarboro (Toronto 13); Australia, Marrickville (Sydney), N.S.W.; South Africa, Springs. Representatives 
Throughout the World. 
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University Operates Small 
Foundry to Train Students 


@ A small operating foundry used in 
conjunction with the mechanical and 
industrial engineering programs at 
Pennsylvania State University, Uni- 
versity Park, Pa., is doing much to 
create a healthier attitude toward the 
foundry industry among students. 

An elementary foundry course is 
required for all mechanical and_ in- 
dustrial engineering students, and_ is 
elective for metallurgy and other tech- 
nical majors. The basic course in- 
cludes hand and machine molding, 
coremaking and sand testing. Oppor- 
tunities are provided for the student 
to study fluidity, casting design and 
ipplications, and the use of shell 
molding, die-casting and centrifugal 
casting processes. Equipment includes 
two cupolas and two gas melting 
furnaces. 








SYMBOL OF PURITY, & UNIFORMITY 


SANDanvd | 
FLOUR | 


® Domestic and Australian zircon foundry sands | 


® Zircon foundry flours in 200 and 400 mesh 
particle sizes 


® Orefraction Zircon Sand and Flour meet 
S.F.S.A. specifications. | 


MINERALS INC. 











ANDREWS, SOUTH CAROLINA 
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DISTRIBUTED BY: 
BARKER FOUNDRY SUPPLY CO., 
Los Angeles; San Francisco 
HOFFMAN FOUNDRY SUPPLY CO., Cleveland 
FREDERICK B. STEVENS, INC., Detroit; Buffalo; 


Indianapolis 


PENNSYLVANIA FOUNDRY SUPPLY & SAND CO., 
Philadelphia; New York; New England 


M. A. BELL CO., St. Louis; Tulsa; Houston; Denver 
LAGRAND INDUSTRIAL SUPPLY CO., Portland, Ore. 
FOREMOST FOUNDRY SUPPLY COMPANY, Chicago 
G. E. SMITH, INC., Pittsburgh, Pa. 

MILWAUKEE CHAPLET & SUPPLY CORP., Milwaukee 
JOHN P. MONINGER, Chicago 


EXPORT DEPARTMENT: 
1010 Schaff Bidg., Philadelphia, Pa. 
CANADIAN FOUNDRY SUPPLIES & EQUIP. CO., INC., 


Montreal; East Maritimes 


CANADIAN HANSON & VAN WINKLE CO., LTD., 


F. B. Stevens Division, Windsor; Toronto 
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Foundrymen ... the world over... find that costly rejects are 
minimized when National Western Bentonite is used as their bond- 
ing agent. 

National Western Bentonite comes from the highest quality 
bentonite deposits in the world . . . with the largest reserves. The 
quality of bentonite you use in making your molds can determine 
the amount of money you save. i 

National Western Bentonite offers you superior quality and Re 
better characteristics to make good sand molds. This is why the ik 
majority of good foundrymen have specified National Western 


~ 
Bentonite for years. i 
* Registered Trademark of Baroid Division, National Lead Company ee i 
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BAROID DIVISION @ NATIONAL LEAD CO. a ee 
332 South Michigan Avenue, Chicago 4, Illinois Gisian 











